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0DFURIDXQDO ELRWXUEDWLRQ LV DQ LPSRUWDQW PHFKDQLVP IRU WKH HQKDQFHPHQW RI
UHPLQHUDOL]DWLRQ DQG ELRJHRFKHPLFDO F\FOLQJ LQ PDULQH VHGLPHQWV 5HGXFWLRQ RI
ELRWXUEDWLRQ DFWLYLW\ PD\ DFFRUGLQJO\ KDYH IDUUHDFKLQJ QHJDWLYH LPSOLFDWLRQV IRU
JHQHUDOHFRV\VWHPSHUIRUPDQFH7KLVLVHVSHFLDOO\WKHFDVHIRUVKDOORZVKHOIVHDVVXFK
DV WKH *HUPDQ %LJKW ZKLFK DFFRXQW IRU a  RI JOREDO EHQWKLF UHPLQHUDOL]DWLRQ
DOWKRXJKWKH\FRYHURQO\RIWKHWRWDOVHDVXUIDFH,QFUHDVLQJDQWKURSRJHQLFDFWLYLWLHV
HJZLQGIDUPFRQVWUXFWLRQ LQ WKHVHVKDOORZVKHOIVHDVKDYH LQWHQVLILHG WKHQHHGIRU
UHOLDEOH TXDQWLILFDWLRQV DQG SUHGLFWLRQV RI PDFURIDXQDO ELRWXUEDWLRQ DFWLYLWLHV DQG
UHVXOWLQJELRJHRFKHPLFDOSURFHVVHV7KHDLPRIWKLVWKHVLVZDVWKXVWRGHYHORSHDVLO\
DSSOLFDEOH FRQFHSWV WKDW DOORZ IRU WKH TXDQWLILFDWLRQ RI VHGLPHQW UHZRUNLQJ DQG WKH
SUHGLFWLRQRIELRLUULJDWLRQ
,QRUGHUWRVLPSOLI\WKHTXDQWLILFDWLRQRIVHGLPHQWUHZRUNLQJZKLFKFDQVRIDURQO\EH
DVVHVVHG H[SHULPHQWDOO\ , FRPSDUHG WZR RI WKH PRVW FRPPRQO\ DSSOLHG PHWKRGV
VHGLPHQWSURILOH LPDJLQJ 63, DQG VWDQGDUG VOLFLQJ WHFKQLTXH 67 ,Q DGGLWLRQ WKH
WLPHVDYLQJ DQG HDVLO\ DSSOLFDEOH 63, PHWKRG ZDV WHVWHG IRU LWV VXLWDELOLW\ WR DVVHVV
VHGLPHQW UHZRUNLQJ IURP F\OLQGULFDO PXOWLFRUHU VDPSOHV Manuscript I 7KH UHVXOWV
VXJJHVWHGWKDW63,LVVXLWDEOHDQGHYHQPRUHDFFXUDWHWKDQ67IRU WKHLQYHVWLJDWLRQRI
VHGLPHQW UHZRUNLQJ DFWLYLW\ 7KLV RPLWV WKH SUHYLRXVO\ QHFHVVDU\ QHHG IRU WLPH
FRQVXPLQJVOLFLQJRUWKHFRPSOH[WUDQVIHULQWRUHFWDQJXODUDTXDULD7KHVHILQGLQJVZLOO
IDFLOLWDWH VWXGLHV RQ VSDWLRWHPSRUDO SDWWHUQV RI VHGLPHQW UHZRUNLQJ DFWLYLW\ LQ WKH
*HUPDQ%LJKW
6XFK VWXGLHV DUH RI VSHFLDO LQWHUHVW DV WKH ELRWXUEDWLRQ SRWHQWLDO %3F ZKLFK ZDV
SUHYLRXVO\ RIWHQ DSSOLHG WR HVWLPDWH WKH SRWHQWLDO RI FRPPXQLWLHV WR UHZRUN WKH
VHGLPHQW GRHV QRW FRUUHODWH ZLWK DFWXDO VHGLPHQW UHZRUNLQJ UDWHV Manuscript II
6XUSULVLQJO\%3FZKLFKLQFOXGHVVHGLPHQWUHZRUNLQJWUDLWVLHPRELOLW\DQGUHZRUNLQJ
PRGH EXW QR VSHFLILF ELRLUULJDWLRQ WUDLWV UDWKHU FRUUHODWHG ZLWK ELRLUULJDWLRQ DFWLYLW\
DQGQXWULHQWIOX[HVRIVLOLFDWHDPPRQLXPQLWUDWHDQGQLWULWHManuscript II
7R RYHUFRPH DPELJXLW\ RI %3F , GHYHORSHG WKH LUULJDWLRQ SRWHQWLDO ,3F DV DQ
DGDSWDWLRQIURP%3FManuscript III%\LQFRUSRUDWLRQRIELRLUULJDWLRQHIIHFWWUDLWVLH
EXUURZ W\SH IHHGLQJ W\SH LQMHFWLRQ SRFNHW GHSWK ,3F ZDV VSHFLILFDOO\ GHVLJQHG WR
SUHGLFWELRLUULJDWLRQDQGLWVLQIOXHQFHRQELRJHRFKHPLFDOSURFHVVHVManuskript III




, FRXOG GHPRQVWUDWH WKDW LQ FRQWUDVW WR%3F WKHPRGLILHG LQGH[ SURYLGHV DQ DFFXUDWH
TXDQWLWDWLYH PHDVXUH RI PDFURIDXQDO ELRLUULJDWLRQ IRU ERWK VLQJOH VSHFLHV DQG HQWLUH
FRPPXQLWLHV RI YDULRXV LQIDXQDO VSHFLHV LI WKH LQGH[ LV FDOFXODWHGZLWK DVK IUHH GU\
ERG\PDVV ,3F SURYLGHG EHWWHU HVWLPDWLRQV RI SKRVSKDWH VLOLFDWH DPPRQLXP QLWUDWH
DQG QLWULWH IOX[HV WKDQ %3F Manuscript IV 7KH HVWLPDWLRQ RI VLOLFDWH DPPRQLXP
QLWUDWHDQGQLWULWHIOX[HVPD\EHIXUWKHULQFUHDVHGLI,3FLVFDOFXODWHGLQZHWERG\PDVV
LQVWHDG RI DVK IUHH GU\ ERG\PDVV:HW ERG\PDVV WKHUHE\ VHUYHV DV D SUR[\ RI WKH
LUULJDWHG VHGLPHQW YROXPH ,Q JHQHUDO ,3F FRXOG EHFRPH D YDOXDEOH WRRO WR VXSSRUW
HFRV\VWHP PDQDJHPHQW DQG IXWXUH LQYHVWLJDWLRQV RQ WKH HIIHFWV RI DQWKURSRJHQLF
DFWLYLWLHVRQELRJHRFKHPLFDOWXUQRYHULQVKDOORZVKHOIVHDV
)LQGLQJV RI Manuscript IV KRZHYHU DOVR GHPRQVWUDWHG WKDW ,3F LV D FUXFLDO EXW
LQVXIILFLHQWSDUDPHWHUIRUWKHPRGHOOLQJRIVHGLPHQWELRJHRFKHPLFDOSURFHVVHVEHFDXVH
WKHVHDOVRGHSHQGHQWRQHQYLURQPHQWDO FRQGLWLRQV HJ WHPSHUDWXUH VHGLPHQWRUJDQLF
PDWWHUFRQWHQWSHUPHDELOLW\$QHZO\SURSRVHGWHPSHUDWXUHWHUP,F7Manuscript III) 
PD\ SURYLGH D WRRO WR LGHQWLI\ VSDWLRWHPSRUDO YDULDWLRQV LQPDFURIDXQDO ELRLUULJDWLRQ
DFWLYLW\ 7KHUH LV KRZHYHU D QHHG WR GHWHUPLQH IXUWKHU KRZ ,3F RU ,F7 UHODWH WR
ELRJHRFKHPLFDO F\FOLQJ XQGHU GLIIHUHQW HQYLURQPHQWDO FRQGLWLRQV DV ZHOO DV KRZ WKH
UHVSHFWLYHPDFURIDXQDOWUDLWVDUHDIIHFWHGE\HQYLURQPHQWDOSDUDPHWHUV






YRQ RUJDQLVFKHP 0DWHULDO XQG 1lKUVWRIIIOVVH LQ PDULQHQ 6HGLPHQWHQ EHGHXWHQG
YHUVWlUNHQ (LQH 5HGX]LHUXQJ YRQ %LRWXUEDWLRQVDNWLYLWlW NDQQ GHPHQWVSUHFKHQG
ZHLWUHLFKHQGHQHJDWLYH)ROJHQIUGLHJHQHUHOOHgNRV\VWHP/HLVWXQJKDEHQ%HVRQGHUV
ZHQQGLH5HGX]LHUXQJYRQ%LRWXUEDWLRQVDNWLYLWlWIODFKH6FKHOIPHHUHEHWULIIWNDQQGLHV
HUKHEOLFKH.RQVHTXHQ]HQKDEHQ GHQQ IODFKH6FKHOIPHHUH WUDJHQa]XU JOREDOHQ
EHQWKLVFKHQ 5HPLQHUDOLVLHUXQJ EHL REZRKO  VLH QXU  GHU JHVDPWHQ 0HHUHVIOlFKH
DXVPDFKHQ 'D MHGRFK HEHQ MHQH 6FKHOIPHHUH EHVRQGHUV YRQ GHQ ZDFKVHQGHQ
DQWKURSRJHQHQ$NWLYLWlWHQ ] %%DX YRQ2IIVKRUH:LQGSDUNV EHWURIIHQ VLQG LVW HV
GULQJHQG Q|WLJ GLH 4XDQWLIL]LHUXQJ XQG 9RUKHUVDJH YRQ %LRWXUEDWLRQVDNWLYLWlW VRZLH
GHUHQ (LQIOXVV DXI ELRJHRFKHPLVFKH 3UR]HVVH ]X HUOHLFKWHUQ (V ZDU GDKHU GDV =LHO




0HWKRGHQ YHUJOLFKHQ VHGLPHQW SURILOH LPDJLQJ 63, XQG VOLFLQJ WHFKQLTXH 67
Manuskript I 'HV :HLWHUHQ KDEH LFK JHWHVWHW RE GLH ]HLWVSDUHQGH XQG OHLFKW
HLQVHW]EDUH63,0HWKRGHGDV3RWHQWLDOKDWDXFKDQ0XOWL&RUHU=\OLQGHUQGLHELRJHQH
6HGLPHQWGXUFKPLVFKXQJ SHU )RWRJUDILH ]X EHVWLPPHQ 'LH (UJHEQLVVH ]HLJWHQ GDVV
HLQH0HVVXQJ YRQ ELRJHQHU 6HGLPHQWGXUFKPLVFKXQJPLW GHU 63,0HWKRGH DQ0XOWL
&RUHU =\OLQGHUQ QLFKW QXU P|JOLFK LVW VRQGHUQ GDVV VLFK GLH *HQDXLJNHLW DOOHU
JHPHVVHQHQ3DUDPHWHUPLW$XVQDKPHGHUPD[LPDOHQ'XUFKPLVFKXQJVWLHIHJHJHQEHU
GHU 670HWKRGH HUK|KWH 'LHVH (UJHEQLVVH VROOWHQ IU ]XNQIWLJH 6WXGLHQ GHU
6HGLPHQWGXUFKPLVFKXQJVDNWLYLWlWHQ LQ GHU'HXWVFKHQ%XFKW HLQH QW]OLFKH*UXQGODJH
GDUVWHOOHQXP]HLWOLFKHXQGUlXPOLFKH0XVWHU]XXQWHUVXFKHQ
6ROFKH 8QWHUVXFKXQJHQ VLQG YRQ EHVRQGHUHP ,QWHUHVVH GD GDV ELVKHU KlXILJ
DQJHZDQGWHXQGIUHEHQVROFKH=ZHFNHHQWZLFNHOWH%LRWXUEDWLRQVSRWHQWLDO%3FQLFKW
PLW JHPHVVHQHQ 6HGLPHQWGXUFKPLVFKXQJVDNWLYLWlWHQ NRUUHOLHUW Manuskript II)
6WDWWGHVVHQ ]HLJWH VLFK HLQH .RUUHODWLRQ PLW GHU %LRLUULJDWLRQVDNWLYLWlW XQG GHQ
1lKUVWRIIIOVVHQYRQ6LOLNDW$PPRQLXP1LWUDWXQG1LWULW'LHVZDUGHU)DOOREZRKO
%3FNHLQHIXQNWLRQHOOHQ(LJHQVFKDIWHQEHLQKDOWHWZHOFKHGLH%LRLUULJDWLRQEHVFKUHLEHQ






8P GLHVH:LGHUVSUFKOLFKNHLW LP%3F ]X EHUZLQGHQ ZXUGH GDV ,UULJDWLRQ 3RWHQWLDO
,3F DOV $GDSWLRQ XQG (UZHLWHUXQJ GHV %3F HQWZLFNHOW Manuskript III 'XUFK GHQ
$XVWDXVFK GHU LP ,QGH[ LQNOXGLHUWHQ 6HGLPHQWGXUFKPLVFKXQJVHLJHQVFKDIWHQ GXUFK
0HUNPDOHGLHGLH%LRLUULJDWLRQGLUHNWEHVFKUHLEHQ$UWGHU:RKQU|KUH(UQlKUXQJ7\S
:DVVHULQMHNWLRQVWLHIHNRQQWH LFKHLQHQ ,QGH[NUHLHUHQGHUZHQQHUPLW DVFKHIUHLHP
7URFNHQJHZLFKW EHUHFKQHW ZLUG GLH TXDQWLWDWLYH 9RUKHUVDJH YRQ %LRLUULJDWLRQ LQ
0RQRNXOWXUHQ EHQWKLVFKHU 7LHUH VRZLH LQ *HPHLQVFKDIWHQ HUP|JOLFKW 'HV :HLWHUHQ
]HLFKQHWH VLFK ,3F GXUFK HLQH K|KHUH 9RUKHUVDJHJHQDXLJNHLW YRQ 3KRVSKDW 6LOLNDW
$PPRQLXP 1LWUDW XQG 1LWULW)VVHQ EHU GLH :DVVHU6HGLPHQW *UHQ]H DXV
Manuskript IV 'LH 9RUKHUVDJHJHQDXLJNHLW YRQ 6LOLNDW $PPRQLXP 1LWUDW XQG




'LH (UJHEQLVVH YRQ Manuskript IV ]HLJWHQ MHGRFK DXFK GDVV ,3F DOOHLQ NHLQH
TXDQWLWDWLYHQ 9RUKHUVDJHQ YRQ ELRJHRFKHPLVFKHQ 3UR]HVVHQ HUODXEW GD GLHVH YRQ
YLHOHQ ZHLWHUHQ 8PZHOWEHGLQJXQJHQ DEKlQJHQ ZLH ]% 7HPSHUDWXU *HKDOW DQ
RUJDQLVFKHP 0DWHULDO LP 6HGLPHQW 3HUPHDELOLWlW 8P ]XPLQGHVW GHQ (LQIOXVV YRQ
7HPSHUDWXU DXI GLH %LRLUULJDWLRQVDNWLYLWlW DE]XVFKlW]HQ ZLUG LQManuskript III HLQH
WHPSHUDWXUDEKlQJLJH (UZHLWHUXQJ ,F7 YRQ ,3F YRUJHVFKODJHQ 'LHVH (UZHLWHUXQJ
N|QQWH QDFK HLQHU JHQDXHQ 9DOLGLHUXQJ ]HLWOLFKH XQG UlXPOLFKH 8QWHUVXFKXQJHQ GHU





























































$)'0    $VKIUHHGU\PDVV
$,&     $NDLNH¶V,QIRUPDWLRQ&ULWHULRQ
$,&F     $,&FRUUHFWHGIRUVPDOOVDPSOHVL]HG
$129$    $QDO\VLVRI9DULDQFH
%3F     &RPPXQLW\ELRWXUEDWLRQSRWHQWLDO
%3L     6SHFLHVELRWXUEDWLRQSRWHQWLDO
%U     %URPLGH
'E     6HGLPHQWUHZRUNLQJUDWH
((=     ([FOXVLYH(FRQRPLF=RQH
H[S%3F     ([SHULPHQWDOELRWXUEDWLRQSRWHQWLDO
)XOO63,    6HGLPHQWSURILOHLPDJLQJ±IXOOUHVROXWLRQ
*/0     *HQHUDOL]HGOLQHDUPRGHO
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P,3F     0RGLILHGLUULJDWLRQSRWHQWLDO
06)'    0DULQH6WUDWHJ\)UDPHZRUN'LUHFWLYH
1+     $PPRQLXP
1/,     1RQORFDOLW\LQGH[
12     1LWULWH
12     1LWUDWH
20     2UJDQLFPDWWHU





32     3KRVSKDWH
6L2     6LOLFDWH
5HGXFHG63,    6HGLPHQWSURILOHLPDJLQJ±UHGXFHGUHVROXWLRQ
63,     6HGLPHQWSURILOHLPDJLQJ
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“It may be doubted whether there are many other animals which have played so 
important a part in the history of the world, as these lowly organized creatures” 
                   Charles Darwin, 1881 
7KLVVWDWHPHQWDWWKHHQGRI&KDUOHV'DUZLQ¶VODVWERRNOn the Formation of Vegetable 
Mounds through the Action of Worms with Observation of their habits PD\ VHHP
H[DJJHUDWHG+RZHYHU LW LV QRZDGD\V FRPPRQ DJUHHPHQW WKDW'DUZLQZKRZDV WKH
ILUVW WR UHDOL]H WKH SURIRXQG LPSDFW RI EXUURZLQJ PDFURIDXQDO RUJDQLVPV RQ
JHRPRUSKRORJ\DQGELRJHRFKHPLFDOSURFHVVHVRIVRLOVZDVQRW WRRIDUDZD\IURPWKH
WUXWK 0H\VPDQ HW DO D 0DQ\ UHFHQW VWXGLHV KDYH GHPRQVWUDWHG WKDW NH\
HFRV\VWHP VHUYLFHV VXFK DV ELRJHRFKHPLFDO F\FOLQJ UHPLQHUDOL]DWLRQ VRLO IRUPDWLRQ
VRLO IHUWLOLW\ R[\JHQ DQGZDWHU UHJXODWLRQ DUH ODUJHO\ LQIOXHQFHG E\ WKH ELRWXUEDWLRQ
DFWLYLWLHVRIOLYLQJRUJDQLVPVGH%HOORHWDO.ULVWHQVHQHWDO9DOHQoDHW
DO :LONLQVRQ HW DO  ,W LV WKXVZLGHO\ DFFHSWHG WKDW ELRWXUEDWLRQ LV DQ
DUFKHW\SDO H[DPSOH IRU HFRV\VWHP HQJLQHHULQJ 0H\VPDQ HW DO D%LRWXUEDWLRQ
GLUHFWO\ RU LQGLUHFWO\PRGXODWHV WKH DYDLODELOLW\ RI UHVRXUFHV IRU RWKHU RUJDQLVPV DV LW
FUHDWHV PDLQWDLQV DQG PRGLILHV KDELWDWV 7KHUHIRUH LW IXOILOV DOO FULWHULRQV RI WKH
GHILQLWLRQIRUHFRV\VWHPHQJLQHHULQJ-RQHVHWDO%LRWXUEDWLQJRUJDQLVPVFDQEH
IRXQGLQQHDUO\DOOVHGLPHQWVRUVRLOVWKDWFRYHUWKHVXUIDFHRIWKH(DUWK$FFRUGLQJO\
WKHUH DUH RQO\ IHZ RWKHU H[DPSOHV RI HFRV\VWHP HQJLQHHULQJ WKDW LQIOXHQFH DV PDQ\
HFRV\VWHPVDVELRWXUEDWLRQ'DUZLQ0H\VPDQHWDOD

1.1 What is bioturbation? 
%LRWXUEDWLRQ LVGHILQHGDVDOO WUDQVSRUWSURFHVVHVFDUULHGRXWE\DQLPDOV WKDWGLUHFWO\
DIIHFWVHGLPHQWPDWULFHVLQFOXGLQJERWKSDUWLFOHDQGZDWHUWUDQVSRUW.ULVWHQVHQHWDO
'HSHQGLQJRQWKHLQIOXHQFHGPHGLXPLHSDUWLFOHVRUZDWHUELRWXUEDWLRQPD\
EH VXEGLYLGHG LQWR WZR FDWHJRULHV RI DFWLYLWLHV  WKH VHGLPHQW UHZRUNLQJ DFWLYHV
ZKLFKIDFLOLWDWHSDUWLFOHPL[LQJHJFRQVWUXFWLRQRIWXEHVDQGEXUURZVLQRUHJHVWLRQ
RISDUWLFOHVDQGWKHELRLUULJDWLRQDFWLYLWLHVZKLFKWUDQVSRUWZDWHULQDQGRXWRIWKH
VHGLPHQW PDWUL[ HJ YHQWLODWLRQ VXEVXUIDFH ILOWHUIHHGLQJ EXUURZ IOXVKLQJ
.ULVWHQVHQHWDO7KLVFDWHJRUL]DWLRQRIDFWLYLWLHVLVQHFHVVDU\LQRUGHUWRDVVHVV




WKH HIIHFWVRIPDFURIDXQDOEHKDYLRUVRQ WKHLU VXUURXQGLQJHQYLURQPHQW+RZHYHU WKH
OLQHEHWZHHQVHGLPHQWUHZRUNLQJDQGELRLUULJDWLRQLVRIWHQXQFOHDU

1.2 Why is bioturbation important for biogeochemical processes? 
6HGLPHQW UHZRUNLQJ DFWLYLWLHV DUH RQH RI WKH PRVW LPSRUWDQW WUDQVSRUW SURFHVVHV IRU
RUJDQLF PDWWHU LQ VHGLPHQWV 0H\VPDQ HW DO D 0LGGHOEXUJ HW DO  7KH
UHGLVWULEXWLRQ RI VHGLPHQW SDUWLFOHV E\PDFURIDXQDO RUJDQLVPV FDQ EXU\ IUHVK RUJDQLF
PDWWHU LQ GHHSHU DQR[LF OD\HUV RU WUDQVSRUW EXULHG PDWWHU WR R[\JHQL]HG VXUIDFH
VHGLPHQWV *LDQJUDQGH HW DO  0H\VPDQ HW DO D <HW LW LV ELRLUULJDWLRQ
ZKLFK LV LQ DTXDWLF HQYLURQPHQWV PRUH LPSRUWDQW IRU WKH HQKDQFHPHQW RI
ELRJHRFKHPLFDOSURFHVVHVVXFKDVUHPLQHUDOL]DWLRQDQGQLWULILFDWLRQ%UDHFNPDQHWDO
0HUPLOORG%ORQGLQ HW DO  ,Q FRQWUDVW WR WHUUHVWULDO VRLOV VXEWLGDO DTXDWLF
VHGLPHQWVDUHSHUPDQHQWO\FRYHUHGZLWKZDWHU,QZDWHUWKHSDUWLDOSUHVVXUHRIR[\JHQ
LVDERXWWLPHVORZHUWKDQLQDLUDQGR[\JHQGLIIXVLRQLVDERXWWLPHVVORZHU
$FFRUGLQJO\ EHQHDWK D WKLQ OD\HU ZKLFK LV R[\JHQL]HG WKURXJK GLIIXVLRQ DTXDWLF
VHGLPHQWV DUH RIWHQ R[\JHQ GHSOHWHG *OXG  .ULVWHQVHQ HW DO  +HQFH
ELRLUULJDWLRQ RI LQIDXQDO RUJDQLVPV LV D PHFKDQLVP WKDW LPSURYHV R[\JHQ VXSSO\ WR
VXVWDLQEDVLFPHWDEROLFGHPDQGV.ULVWHQVHQHWDO
,Q WKH DEVHQFH RI ELRLUULJDWLRQ WKH EDFWHULDO GHJUDGDWLRQ RI RUJDQLF PDWWHU FDXVHV D
YHUWLFDOGHSOHWLRQRIHOHFWURQDFFHSWRUV%HUWLFVHWDO*LOEHUWHWDO*OXG
 7KH DPRXQW RI HQHUJ\ ZKLFK EDFWHULD FDQ JDLQ IURP WKH RUJDQLF PDWWHU
GHJUDGDWLRQ ZLWK D FHUWDLQ HOHFWURQ DFFHSWRU GHWHUPLQHV WKH RUGHU LQ ZKLFK HOHFWURQ
DFFHSWRUV DUH GHSOHWHG *OXG  $V PRVW HQHUJ\ FDQ EH JDLQHG IURP R[\JHQ D
VWUDWLILHG VHGLPHQW LV FUHDWHG ZLWK D WKLQ R[\JHQDWHG XSSHU OD\HU RI QLWULILFDWLRQ
IROORZHGE\DQR[LF]RQHVRIGHQLWULILFDWLRQDQGVXOIDWHUHGXFWLRQEHORZ%HUWLFVHWDO
*LOEHUWHWDO*OXG7KHWKLFNQHVVRI WKHOD\HUVPD\YDU\VWURQJO\
ZLWK WKH HQYLURQPHQWDO FRQGLWLRQV LH VHGLPHQW SHUPHDELOLW\ ZDYH DFWLRQ R[\JHQ
SDUWLDOSUHVVXUHLQWKHRYHUO\LQJZDWHUFROXPQ%LRLUULJDWLRQGLVUXSWVWKLVVWUDWLILFDWLRQ
E\ LQWURGXFLQJ R[\JHQDWHG ZDWHU LQWR RWKHUZLVH DQR[LF OD\HUV $ IUDFWLRQ RI WKH
R[\JHQDWHG ZDWHU LV WUDQVSRUWHG IURP WKH YHQWLODWHG EXUURZ LQWR WKH VXUURXQGLQJ
VHGLPHQWE\GLIIXVLRQRUDGYHFWLRQZKHUHLWLQIOXHQFHVELRJHRFKHPLFDOSURFHVVHV




2) provides electron acceptors for remineralization, 3) increases the zone of nitrification, 
4) removes metabolites, 5) alters concentration gradients, and 6) transports nutrients and 
dissolved organic matter (Aller, 1994; Christensen et al., 2000; Koo et al., 2007; Na et 











































Fig 1.The influence of bioturbating organisms on the nitrogen cycle and the stratification of marine 
sediments: Nitrification, consisting of ammonia oxidation (a) and nitrite oxidation (b), can only occur in 
the oxic regions of the sediment, while denitrification (c + f), dissimilatory reduction of nitrite to 
ammonium (DNRA) (d), and anaerobic ammonium oxidation (anammox) (e) occur only in the absence of 
oxygen. Bioirrigation introduces oxygenated water and, thus, increases the zone of nitrification, whereas 
sediment reworking transports organic matter within the sediment. Broken arrows indicate fluxes into or 
out of the sediment (adapted from Bertics et al. (2010); Glud (2008); Laverock et al. (2011)). 
 
1.3 Why is it important to assess bioturbation in the German Bight? 
The loss of macrofaunal activity may have broad ecological and biochemical 
implications for ecosystem functioning (i.e. remineralization, benthopelagic coupling, 
primary production) (Lohrer et al., 2004). This is especially the case for coastal shelf 
seas, such as the German Bight. Due to the shallow water depth in shelf seas, up to 50% 
of the organic matter produced by pelagic primary production reaches the sea floor, 
where it is mixed into the sediment and remineralized. In contrast, in the open ocean, 
the products of primary production are mainly respired in the water column (Jørgensen, 
1983; Middelburg et al., 1997; Provoost et al., 2013).  





WKH JOREDO EHQWKLF UHPLQHUDOL]DWLRQ GHVSLWH FRYHULQJ RQO\  RI WKH RFHDQ VXUIDFH
0LGGHOEXUJHWDO'XHWRWKHSUR[LPLW\WRODQGDQGORZZDWHUGHSWKVVKHOIVHD
V\VWHPV DUH H[FHSWLRQDOO\ KHDYLO\ LPSDFWHG E\ LQFUHDVLQJ KXPDQ DFWLYLWLHV HJ
ILVKHULHV RIIVKRUH ZLQGIDUP FRQVWUXFWLRQ XQGHUZDWHU QRLVH &RDWHV HW DO 
5LMQVGRUS HW DO  7KHVH DQWKURSRJHQLF DFWLYLWLHV PD\ OHDG WR FKDQJHV LQ
ELRWXUEDWLRQDFWLYLW\1RLVHWKDWLVHPLWWHGE\VKLSVRUFRQVWUXFWLRQDFWLYLWLHVPD\IRU
H[DPSOH UHGXFH VHGLPHQW UHZRUNLQJ DFWLYLWLHV 6RODQ HW DO  ZKLOH LQWHQVLYH




1.4 Are there models to predict bioturbation? 
6R IDU UHOLDEOH PRGHOV WKDW DOORZ IRU WKH SUHGLFWLRQ RI EURDG VFDOH FKDQJHV LQ
PDFURIDXQDO ELRWXUEDWLRQ DFWLYLWLHV FDXVHG E\ VKLIWV LQ IXQFWLRQDO FRPPXQLW\
FRPSRVLWLRQ DQGRU VSHFLHV H[WLQFWLRQ DUH ODFNLQJ 7KHUH LV QR UHOLDEOH PRGHO WR
H[WUDSRODWHVHGLPHQWUHZRUNLQJDFWLYLWLHV(VWLPDWLRQVRIVHGLPHQWUHZRUNLQJDFWLYLWLHV
WKXVVWLOOGHSHQGRQH[SHULPHQWDOPHDVXUHPHQWV+RZHYHUPHDVXUHPHQWVRIVXEWLGDOLQ
VLWX FRPPXQLWLHV DUH VSDUVH DVZHOO EHFDXVH WKH FRPPRQ H[SHULPHQWDOPHWKRGRORJ\
IRUTXDQWLILFDWLRQRILQVLWXVHGLPHQWUHZRUNLQJLVDYHU\WLPHFRQVXPLQJWDVN*LOEHUW
HWDO0DLUHHWDO6RODQHWDOE
7KHUH DUH VRPH PRGHOV WKDW GHVFULEH ELRLUULJDWLRQ DFWLYLWLHV +RZHYHU WKH H[LVWLQJ
PRGHOV DUH HLWKHU RQO\ SKHQRPHQRORJLFDO GHVFULSWLRQV WKDW ODFN D FRQQHFWLRQ WR WKH
XQGHUO\LQJ ELRORJ\ LH GLIIXVLYH QRQORFDO DQG DGYHFWLYH RQHGLPHQVLRQDO PRGHOV
0H\VPDQQ HW DO F RU WKH\ UHO\ RQ XQFRPPRQ VSHFLILF SDUDPHWHUVZKLFK DUH
NQRZQ IRU RQO\ IHZ VSHFLHV HJ SXPSLQJ UDWH EXUURZ YROXPH VSHFLILF EXUURZ















LW 'ÕғD] DQG &DELGR  $FFRUGLQJO\ HIIHFW WUDLWV DUHZHOO VXLWHG WR HVWLPDWH WKH
H[WHQW RIPDFURIDXQDO LPSDFW RQ ELRJHRFKHPLFDO SURFHVVHV %3F XVHV LQIRUPDWLRQ RQ
VHGLPHQW UHZRUNLQJPRGH DQGPRELOLW\ RI HDFK VSHFLHV WRJHWKHUZLWK DEXQGDQFH DQG
ELRPDVVGDWDWRHVWLPDWHWKHSRWHQWLDORIWKHFRPPXQLW\WRUHZRUNWKHVHGLPHQW6RODQ
HWDOD





DV D JRRG WRRO WR VXSSRUW PDQDJHPHQW DQG SROLF\ GHFLVLRQV 4XHLUyV HW DO 
8QIRUWXQDWHO\%3FDOVRKDVOLPLWDWLRQVGXHWRLWVQRQTXDQWLWDWLYHQDWXUH LW LVQHLWKHU
DEOH WR SURYLGH GHILQLWH YDOXHV RI ELRWXUEDWLRQ DFWLYLW\ QRU WR DVVHVV ELRWXUEDWLRQ
DFWLYLW\ WUXH WR VFDOH LH GRXEOH %3F GRHV QRW LPSO\ GRXEOH ELRWXUEDWLRQ DFWLYLW\
)XUWKHUPRUH %3F RQO\ LQFOXGHV VHGLPHQW UHZRUNLQJ WUDLWV DQG QHJOHFWV WUDLWV WKDW
GHVFULEH ELRLUULJDWLRQ DFWLYLW\ %UDHFNPDQ HW DO  +RZHYHU LW LV PRVWO\ WKH
ELRLUULJDWLRQDFWLYLWLHVWKDWLQIOXHQFHELRJHRFKHPLFDOSURFHVVHV%UDHFNPDQHWDO
0HUPLOORG%ORQGLQ HW DO  $FFRUGLQJO\ DQ LQGH[ EDVHG RQ ELRLUULJDWLRQ WUDLWV










ELRWXUEDWLRQ DFWLYLW\ DQG LWV LQIOXHQFH RQ ELRJHRFKHPLFDO SURFHVVHV LQ VKHOI VHD DUHDV
VXFKDVWKH*HUPDQ%LJKW7RPHHWWKLVDLPWKHIRXUREMHFWLYHVRIWKLVWKHVLVZHUHLWR
IDFLOLWDWH WKH PHDVXUHPHQW RI VHGLPHQW UHZRUNLQJ UDWHV LQ LQ VLWX FRPPXQLWLHV









6HGLPHQW UHZRUNLQJ LV WKHPRVW LPSRUWDQW WUDQVSRUW SURFHVV RI RUJDQLFPDWWHU LQ WKH
VHGLPHQWDU\ V\VWHP 7KURXJK SDUWLFOH GLVSODFHPHQW RUJDQLVPV PD\ EXUU\ RUJDQLF
PDWWHU RU FKDQJH SHUPHDELOLW\ DQG HURGLELOLW\ RI WKH VHGLPHQW 7R GDWH VHGLPHQW
UHZRUNLQJ FDQ RQO\ EH TXDQWLILHG WKURXJK H[SHULPHQWV 7ZR RI WKH PRVW FRPPRQO\
DSSOLHGPHWKRGVXVHWKHGLVSODFHPHQWRIOXPLQRSKRUHWUDFHUVZLWKLQVHGLPHQWFROXPQV
WRTXDQWLI\ELRWXUEDWLRQ7UDFHUVPD\EHUHFRYHUHGHLWKHUE\VOLFLQJRIVHGLPHQWFRUHV
DQG VXEVHTXHQW TXDQWLILFDWLRQ RI WUDFHUV LQ GLIIHUHQW KRUL]RQV RU E\ VHGLPHQW SURILOH
LPDJLQJ 63, RI IODW VXUIDFHG DTXDULD ,Q FRQWUDVW WR WKH 63, PHWKRG WKH VOLFLQJ
WHFKQLTXHFDQEHDSSOLHGLQF\OLQGULFDOLQVLWXFRUHVZKLFKDUHHDVLO\WDNHQE\DPXOWL
FRUHU +RZHYHU WKH VOLFLQJ RI WKH FRUHV LV WLPH FRQVXPLQJ DQG SURYLGHV D ORZHU
UHVROXWLRQ RI SDUWLFOH GLVSODFHPHQWV$FFRUGLQJO\ LWZDVP\ DLP WR FRPSDUH WKH WZR










:KR UHDOO\ PDWWHUV ,QIOXHQFH RI *HUPDQ %LJKW NH\ ELRWXUEDWRUV RQ
ELRJHRFKHPLFDOF\FOLQJ
%LRJHRFKHPLFDO F\FOLQJ LQ FRDVWDO PDULQH VHGLPHQWV GHSHQGV ODUJHO\ RQ WKH
ELRWXUEDWLRQDFWLYLWLHVRIPDFURIDXQDORUJDQLVPV7KH ORVVRINH\ VSHFLHV LH VSHFLHV
WKDWVXEVWDQWLDOO\HQKDQFHELRJHRFKHPLFDOF\FOLQJWKURXJKWKHLUVSHFLILFDFWLYLWLHVPD\
FRQVHTXHQWO\DIIHFWELRJHRFKHPLFDOF\FOLQJ7KHUHIRUHP\PDMRUDLPZDV WR LGHQWLI\
NH\ VSHFLHV LQ WKH *HUPDQ %LJKW DQG WR TXDQWLI\ WKHLU LPSDFW RQ ELRJHRFKHPLFDO
F\FOLQJ$VWKHLPSDFWRIWKHRUJDQLVPVRQHFRV\VWHPSURFHVVHVLVGHWHUPLQHGE\WKHLU
HIIHFWWUDLWV,DSSOLHGWKHWUDLWEDVHGFRQFHSWRIFRPPXQLW\ELRWXUEDWLRQSRWHQWLDO%3F







0DULQH EHQWKLF ELRJHRFKHPLFDO SURFHVVHV GHSHQG RQ ELRLUULJDWLRQ UDWKHU WKDQ RQ
VHGLPHQW UHZRUNLQJ +RZHYHU %3F LQFOXGHV RQO\ VHGLPHQW UHZRUNLQJ WUDLWV
$FFRUGLQJO\ LW ZDVP\ DLP WR GHYHORS D WUDLWEDVHG LUULJDWLRQ LQGH[ZKLFK LQFOXGHV
HIIHFWWUDLWVWKDWGHVFULEHELRLUULJDWLRQ%DVHGRQOLWHUDWXUHLQIRUPDWLRQ,GHYHORSHGWKH
LUULJDWLRQ SRWHQWLDO ,3F DV DQ DGDSWDWLRQ RI %3F ,3F ZDV YDOLGDWHG ZLWK GDWD RQ
















P\DLP WRDVVHVV LI ,3FFDQDFFXUDWHO\SUHGLFW WKHPDFURIDXQDO LPSDFWDFURVVYDULDEOH















































$: /* DQG 7% GHYHORSHG WKH LUULJDWLRQ SRWHQWLDO 7% GHYHORSHG WKH WHPSHUDWXUH










7KH VWXG\ DQG H[SHULPHQWV ZHUH FRQFHLYHG E\ $: 5' +* .+: DQG 7% $:
SHUIRUPHG WKH H[SHULPHQWV DQG DQDO\]HG WKH GDWD $: ZURWH WKH PDQXVFULSW ZLWK
VXSSRUWIURP5'+*.+:DQG7%
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0DFURIDXQDO VHGLPHQW UHZRUNLQJ DFWLYLW\ LV D NH\ GULYHU RI HFRV\VWHP IXQFWLRQLQJ LQ
PDULQHV\VWHPV6RIDULWFDQRQO\EHDVVHVVHGH[SHULPHQWDOO\7KLVVWXG\FRPSDUHVWKH
WZR PRVW FRPPRQ DSSOLFDWLRQV RI WKH OXPLQRSKRUH WUDFHU WHFKQLTXH WKH VOLFLQJ
WHFKQLTXH67DQGWKHVHGLPHQWSURILOHLPDJLQJDSSURDFK63,6LQFHLWVLQWURGXFWLRQ
63, JUDGXDOO\ UHSODFHG WKH 67 DOEHLW ZLWK WZR VKRUWFRPLQJV 63, KDV WR GDWH EHHQ
DSSOLHG WR IODWVXUIDFHG LH UHFWDQJXODU FRUHV RQO\ DQG D WKRURXJK FRPSDULVRQ RI
PHWKRGVLVODFNLQJ+HUHZHDSSO\ERWKPHWKRGVWRF\OLQGULFDOVHGLPHQWFRUHVFP
GLDPHWHU LQ SDUWLFXODU WR WHVW WKH VXLWDELOLW\ RI 63, WR VDPSOLQJ GHYLFHV RI WKH
PXOWLFRUHU W\SH &RUHV ZHUH WDNHQ IURP PXG DQG ILQH VDQG KDELWDWV LQKDELWHG E\
Nucula DQG AmphiuraFRPPXQLWLHV LQ WKH VRXWKHUQ *HUPDQ %LJKW :H IRXQG
VLJQLILFDQW GLIIHUHQFHV EHWZHHQ WKH PHWKRGV IRU DOO LQYHVWLJDWHG VHGLPHQW UHZRUNLQJ
SDUDPHWHUV VHGLPHQW UHZRUNLQJ UDWH QRQORFDOLW\ LQGH[PHDQZHLJKWHG OXPLQRSKRUH
GHSWKDQGWKHPD[LPDOOXPLQRSKRUHGHSWK&RQVHTXHQWO\WKHFRQFOXVLRQVGUDZQGLIIHU
GLVWLQFWO\ WRR7KH67PHWKRG IDLOHG WR VKRZGLIIHUHQFHVEHWZHHQPXGDQG ILQH VDQG
FRPPXQLWLHVRZLQJWRLQVXIILFLHQWVSDWLDOUHVROXWLRQDQGDFFXUDF\7KH63,PHWKRGRQ
WKHRWKHU KDQG GLGQRW FDSWXUH WKH IXOO H[WHQW RIPD[LPDO VHGLPHQW UHZRUNLQJGHSWK
:H FRQFOXGH WKDW WKH 67 PHWKRG LV SUHIHUDEOH IRU LQYHVWLJDWLRQV IRFXVLQJ RQ WKH
DEVROXWH PD[LPDO VHGLPHQW UHZRUNLQJ GHSWK ZKHUHDV JHQHUDO VHGLPHQW UHZRUNLQJ
SDWWHUQV DUH EHWWHU UHVROYHG ZLWK WKH 63, PHWKRG 7KHUH ZDV QR LQGLFDWLRQ WKDW WKH
FXUYDWXUHRIWKHF\OLQGHUZDOOVGLDPHWHUFPFDXVHGDQXQGHUHVWLPDWLRQRIVHGLPHQW
UHZRUNLQJ SDUDPHWHUV 2XU ILQGLQJV WKXV LQGLFDWH WKDW 63, LV VXLWDEOH IRU WKH









,Q UHFHQW \HDUV WKHUH KDV EHHQ LQFUHDVHG DWWHQWLRQ RQ PHWD]RDQ LPSDFW RQ WKH
IXQFWLRQLQJ RI VHGLPHQWDU\ V\VWHPV 7KURXJK EXUURZLQJ YHQWLODWLRQ LQJHVWLRQ DQG
GHIHFDWLRQ DFWLYLWLHV EHQWKLF RUJDQLVPV DFWLYHO\ LQGXFH D ELRPL[LQJ RI VHGLPHQW
SDUWLFOHV D WUDQVSRUW RI SDUWLFXODWH RUJDQLFPDWWHU 320 DQG DQ HQODUJHPHQW RI WKH
VHGLPHQW ZDWHU LQWHUIDFH .ULVWHQVHQ HW DO  $FFRUGLQJO\ ELRWXUEDWRUV KDYH D
VWURQJLQIOXHQFHRQWKHIXQFWLRQLQJRIWKHEHQWKLFV\VWHPDQGWKHRYHUO\LQJZDWHUERG\
/RKUHU HW DO  +RZHYHU WKXV IDU UHOLDEOH TXDQWLWDWLYH PRGHOV IRU DVVHVVLQJ
VHGLPHQW UHZRUNLQJ DUH ODFNLQJ 4XHLUyV HW DO :UHGH HW DO  7KXV WKH
H[SHULPHQWDO GHWHUPLQDWLRQ RI VHGLPHQW UHZRUNLQJ UDWHV UHPDLQV LQGLVSHQVDEOH ZKHQ
WU\LQJWRXQGHUVWDQGELRORJLFDOVHGLPHQWWXUQRYHU:UHGHHWDO
7KHUHDUHPDQ\GLIIHUHQWPHWKRGVWRTXDQWLI\VHGLPHQWUHZRUNLQJUDWHVLQELRWXUEDWLRQ
UHVHDUFK 0DLUH HW DO  $ FRPPRQO\ XVHG DSSURDFK LV WKH OXPLQRSKRUH WUDFHU
WHFKQLTXH E\ 0DKDXW DQG *UDI  ZKHUH IOXRUHVFHQW VDQG JUDLQV DSSOLHG RQ D
VHGLPHQW VXUIDFH DUH UHGLVWULEXWHG ZLWKLQ WKH VHGLPHQW PDWUL[ WKURXJK WKH VHGLPHQW






WHPSRUDO LQYHVWLJDWLRQ RI VHGLPHQW UHZRUNLQJ SDWWHUQV DQG LV HUURUSURQH GXH WR WKH




DQDO\VLV *LOEHUW HW DO  6RODQ HW DO  7KH GUDZEDFN RI WKLV PHWKRG
KRZHYHU LV WKDW DOO LQIRUPDWLRQRQ WKH'SURFHVV RI VHGLPHQW UHZRUNLQJ LV GHULYHG
IURP WKH ' SURILOH WKDW SUHVHQWV LWVHOI DW WKH DTXDULD ZDOOV 7KLV SURILOH PD\ EH
PLVOHDGLQJGXHWRSRWHQWLDOZDOOHIIHFWV LHRUJDQLVPVPD\ELRWXUEDWHDZD\IURPWKH
ZDOOV $FFRUGLQJO\ WKH 63, PHWKRG KDV D ³EOLQG VSRW´ WKDW LV D IXQFWLRQ RI FRUH
GLDPHWHU SKRWRJUDSKHG VXUIDFH DUHD DQG DQLPDO EHKDYLRU +RZHYHU IRU YHU\ QDUURZ




DTXDULD ZLGWKFPZLWKD VPDOOYROXPH WR VXUIDFH UDWLR WKH³EOLQGVSRW´ LVYHU\
VPDOO DQG  D SRWHQWLDO GLVWRUWLRQ RI WKH OXPLQRSKRUH GLVWULEXWLRQ WKURXJKZDOOHIIHFWV
ZDV VKRZQ WREHQHJOLJLEOH 0DLUHHWDO6XFKQDUURZDTXDULDKRZHYHU OLPLW
WKHVL]HRIWKHH[SHULPHQWDORUJDQLVPV&RQVHTXHQWO\UHFHQWVWXGLHVKDYHXVHG63,RQ
TXDGUDWLF DTXDULD DQG ODUJHU LQFXEDWLRQ FKDPEHUV 0XUUD\ HW DO 0XUUD\ HW DO
4XHLUyVHWDO6RIDULWKDVQRWEHHQWHVWHGZKHWKHULQIRUPDWLRQGHGXFHG
IURP 63, LV DEOH WR UHOLDEO\ UHSUHVHQW WKH ELRJHQLF SURFHVVHV LQ LQFXEDWLRQ FKDPEHUV
ZLWKDODUJHUEOLQGVSRWLHDKLJKHUYROXPHWRVXUIDFHUDWLR0DLUHHWDO
$QRWKHU DSSDUHQW GUDZEDFN RI WKH 63, PHWKRG LV WKH QHHG IRU D UHFWDQJXODU RU
IODWVXUIDFHG GHVLJQ RI WKH LQFXEDWLRQ FKDPEHUV WR SURYLGH D IODW XQGLVWRUWHG
SKRWRJUDSKLF SODQH ,Q PDQ\ VLWXDWLRQV LW LV QRW SRVVLEOH RU QRW GHVLUDEOH WR XVH
IODWVXUIDFHG DTXDULD HJ LQ VLWX FRPPXQLW\ VDPSOHV DUH WDNHQ E\ F\OLQGULFDO FRUHV
TXLWHRIWHQ PXOWL FRUHURUFRUHVQHHG WREH VHDOHGDLU WLJKW IRUR[\JHQFRQVXPSWLRQ
PHDVXUHPHQWV 63, KDV QRW \HW EHHQ DSSOLHG LQ VXFK FDVHV DV WKH FXUYDWXUH RI WKH
F\OLQGHUV FDXVHV D GLVWRUWLRQ RI WKH REMHFWV GLVSOD\HG DW WKH HGJHV RI WKH F\OLQGHUV
7RZDUGV WKH HGJHV RI WKH F\OLQGHU WKH GLVWDQFHRI REMHFWV LQFUHDVHV DQG KHQFH WKHLU




LLZKHWKHU63, LV DEOH WR UHOLDEO\DVVHVVPDFURIDXQDO VHGLPHQW UHZRUNLQJDFWLYLW\ LQ
FRUHVZLWKDKLJKHUYROXPH WR SKRWRJUDSKHG VXUIDFHDUHD UDWLR:HK\SRWKHVL]H WKDW
WKH GLVWRUWLRQ LQ WKH 63, LPDJHV IURP FXUYHG F\OLQGHU ZDOOV  FP GLDPHWHU LV
QHJOLJLEOHDQGZLOOQRWDIIHFWWKHTXDQWLILFDWLRQRIVHGLPHQWUHZRUNLQJDFWLYLW\,QFDVH
DQ HIIHFW LV REVHUYHG ZH K\SRWKHVL]H DQ XQGHUHVWLPDWLRQ RI VHGLPHQW UHZRUNLQJ
)XUWKHUZHK\SRWKHVL]HWKDWDOWKRXJKWKH63,PHWKRGZLOOQRWEHDEOHWRFDSWXUHWKHIXOO
H[WHQW RI VHGLPHQW UHZRUNLQJ DFWLYLW\ GXH WR LWV ODUJHU ³EOLQG VSRW´ LWZLOO SURYLGH D
PRUH DFFXUDWH GHSLFWLRQ RI VPDOO GLVORFDWLRQV RI SDUWLFOHV GXH WR LWV KLJKHU VSDWLDO
UHVROXWLRQ7RDVVHVVVSDWLDOUHVROXWLRQHIIHFWVZHWUHDWHGWKH63,GDWDLQWZRGLIIHUHQW
ZD\V UHGXFHG63, UHGXFHG VSDWLDO UHVROXWLRQ LGHQWLFDO WR 67 IXOO63, IXOO VSDWLDO
UHVROXWLRQRIWKH63,GDWD:HWKHUHE\FUHDWHGDWKLUGPHWKRGLHUHGXFHG63,WKDWZH
FRPSDUHWRERWK67DQGIXOO63,





2.1 Sediment core sampling for laboratory experiments 
,Q$SULO6HGLPHQWFRUHVKHLJKWFPLQQHUGLDPHWHUFPZHUHVDPSOHGE\
VKLS IURP PXG DQG ILQH VDQG KDELWDWV LQ WKH VRXWKHUQ *HUPDQ %LJKW ¶¶¶1
¶¶¶( ¶¶¶1 ¶¶¶( 7KH PXGG\ KDELWDW ZDV LQKDELWHG E\ D
Nucua nitidosaFRPPXQLW\ 6DO]ZHGHO HW DO  DQG WKH ILQH VDQG KDELWDW E\ DQ
Amphiura filiformisFRPPXQLW\ 6DO]ZHGHO HW DO  )URP HDFK RI WKHVH
FRPPXQLWLHVF\OLQGULFDO LQVLWXFRUHVKFPGFPZHUH WDNHQ7KHFRUHV
ZHUH FDUHIXOO\ H[WUDFWHG IURP Pð ER[ FRUHV WRPDLQWDLQ DQ XQGLVWXUEHG VHGLPHQW
FROXPQ7KHFRUHVZHUHWKHQWUDQVIHUUHGWRDFOLPDWHFRQWUROOHGURRP&RQERDUGRI
59 +HLQFNH 7KH ZDWHU ZDV H[FKDQJHG RQFH D GD\ $IWHU  GD\V WKH FRUHV ZHUH
WUDQVIHUUHGWRDFOLPDWHFRQWUROOHGURRP&DWWKH:DGGHQ6HD6WDWLRQRIWKH$OIUHG




8. HYHQO\ RYHU WKH VHGLPHQW VXUIDFH $IWHU HLJKW GD\V RI LQFXEDWLRQ VHGLPHQW
UHZRUNLQJ ZDV TXDQWLILHG E\ VHGLPHQW SURILOH LPDJLQJ 63, *LOEHUW HW DO 
,PDJHVRIWKHVHGLPHQWFROXPQZHUHWDNHQXQGHUEODFNOLJKW3KLOOLSV7/':%/%
6/IURPDGHILQHGGLVWDQFHWKURXJKWKHJODVVZDOORIWKHFRUHV&DPHUD&DQRQ(RV
' &DQRQ ()6  PP I ,6 860 7R WHVW IRU WKH YDULDQFH RI WKLV
SURFHGXUHWZRSLFWXUHVZHUHWDNHQSHUFRUHIURPWKHRSSRVLWHVLGHVRIWKHFRUHV
'XHWRWLPHUHVWUDLQVWKHVOLFLQJWHFKQLTXH67KDGWREHFRQGXFWHGRQHGD\ODWHU,Q
DFFRUGDQFH ZLWK )HUQDQGHV HW DO  DQG RZQ SUHOLPLQDU\ H[SHULPHQWV :UHGH




IURPZKLFK WKH RUJDQLVPVZHUHPDQXDOO\ UHWULHYHG'XULQJ WKH VOLFLQJ SURFHVV WKUHH
FRUHV ZHUH ORVW DV WKH\ FRXOG QRW EH UHWULHYHG IURP WKHLU SODVWLF F\OLQGHUV 5HSOLFDWH
QXPEHU ZDV WKXV Q    IRU WKH AmphiuraFRPPXQLW\ DQG Q    IRU WKH Nucula
FRPPXQLW\ 7KH VHGLPHQW RI HDFK VHFWLRQ ZDV GULHG IRU  KRXUV DW & DQG










63, LPDJHV ZHUH FXW WR WKH VDPH VL]H KHLJKW  FP ZLGWK  FP ZLWK WKH LPDJH
DQDO\VLV VRIWZDUH ,PDJH -  KWWSLPDJHMQLKJRYLMLQGH[KWPO DQG VFDOHG 7KH
ZDWHU FROXPQZDVPDQXDOO\ WLQWHGZLWK D SUHVHOHFWHG XQLIRUPPDUNLQJ FRORXU 5*%
ZLWK$GREH3KRWRVKRS&67KHWLQWHGZDWHUFROXPQZDVODWHULGHQWLILHG
E\DFXVWRPPDGHSOXJLQIRUWKHVRIWZDUH,PDJH-7KHSOXJLQZDVXVHGWRUHPRYHWKH




7KHEODFNSL[HOV UHSUHVHQWLQJ WKH OXPLQRSKRUHVZHUHFRXQWHG IRUHDFKSL[HO URZDQG
WUDQVIHUUHGLQWRDSURILOHRIWKHOXPLQRSKRUHGLVWULEXWLRQ
)RUWKHLPDJHVRIWKH67VDPSOHVOXPLQRSKRURXVSL[HOVSHUDUHDZHUHFRXQWHGXVLQJD
FXVWRPPDGH SOXJLQ IRU WKH LPDJH DQDO\VLV VRIWZDUH ,PDJH - 
KWWSLPDJHMQLKJRYLMLQGH[KWPO )RU HDFK FRUH WKH DYHUDJH QXPEHU RI
OXPLQRSKRURXVSL[HOVSHUVHFWLRQZDVFDOFXODWHGIURPWKHWKUHHVXEVDPSOHV
)RUERWKPHWKRGV WKH OXPLQRSKRURXVSL[HOFRXQWVRI WKHFRUHSURILOHVZHUHFRQYHUWHG
LQWR UHODWLYH VOLFHVSHFLILF FRQFHQWUDWLRQV E\ GLYLGLQJ WKH QXPEHU RI OXPLQRSKRURXV
SL[HOV LQ HDFK VOLFH E\ WKH WRWDO QXPEHU RI OXPLQRSKRURXV SL[HOV LQ DOO VOLFHV IURP D
FRUH











PD\KRZHYHU UHVXOW LQKLJK OXPLQRSKRUHFRQFHQWUDWLRQVDSSDUHQWO\³PRYLQJ´RYHU D
QRWDEOHGLVWDQFH HJKLJK OXPLQRSKRUHFRQFHQWUDWLRQDWFPZLOOEHDVVLJQHG WRD
GHSWK RI  FP 8QIRUWXQDWHO\ LW GRHV QRW PDWWHU ZKHUH WKH UHSUHVHQWDWLYH GHSWK LV
ORFDWHG LQDVOLFHRUSL[HOURZWKHSURFHGXUH LVDOZD\VDFFRPSDQLHGZLWKDQDUWLILFLDO
³PRYLQJ´RISDUWLFOHV









GLIIHUHQFHV LQ VHGLPHQW UHZRUNLQJ SDUDPHWHUV ,I ZH KRZHYHU REVHUYH GLIIHUHQFHV
EHWZHHQ67DQGUHGXFHG63, LWZRXOGEHDQ LQGLFDWLRQ WKDWQRWRQO\ WKH ORZHUVSDWLDO
UHVROXWLRQVHWV67DQGIXOO63,DSDUW
2.4 Sediment reworking rate 
7KHVHGLPHQWUHZRUNLQJUDWHDbZDVHVWLPDWHGDVGHVFULEHGLQ:UHGHHWDOXVLQJ
WKH RQHGLPHQVLRQDO GLIIXVLRQ PRGHO &UDQN  IRU FRQVHUYDWLYH WUDFHUV VXFK DV
OXPLQRSKRUHVLQWKHDEVHQFHRIVHGLPHQWDWLRQ
ܥሺݔǡ ݐሻ ൌ ேඥగ஽್௧ ݁ݔ݌ ቀ
ି௫;
ସ஽್௧ቁ        
ZKHUHC(x,t) WKHQRUPDOL]HGWUDFHUFRQFHQWUDWLRQUHODWLYHWRWKHLQLWLDOLQSXWt WLPH
\HDUV x   GHSWK FPN   WKH LQLWLDO OXPLQRSKRUH LQSXW DQGDb   WKH ELRGLIIXVLRQ
FRHIILFLHQWZKLFKLVWKHFRPPRQPHDVXUHIRUWKHVHGLPHQWUHZRUNLQJUDWH7KHLQLWLDO
OXPLQRSKRUHFRQFHQWUDWLRQNZDVHVWLPDWHGIURPWKHQRUPDOL]HGSURILOHGDWDDV
ܰ ൌ σ ݊ሺܽ௜ሻ כ ݖሺܽ௜ሻ௜         
ZKHUH n(ai) WKHUHODWLYHFRQFHQWUDWLRQRI OXPLQRSKRUHVLQWKHVOLFHaiDQGz(ai) WKH
WKLFNQHVVRIWKHVOLFH aiLQFPNZDVHTXDOWR




1RQORFDO LH QRQGLIIXVLYH WUDQVSRUW ZDV FDOFXODWHG XVLQJ WKH QRQORFDOLW\ LQGH[
NLISURSRVHGE\)HUQDQGHVHWDO7KLVUHTXLUHVWKHFDOFXODWLRQRIWKHVHGLPHQW







        
ZKHUHNLI    DbR  DbL LQGLFDWHV QR QRQORFDO WUDQVSRUW 7KHPHDQ OXPLQRSKRUH
EXULDO GHSWK Lummean ZDV DVVHVVHG IURP SURILOHV E\ ZHLJKWLQJ HDFK GHSWK E\ WKH
OXPLQRSKRUH FRQFHQWUDWLRQ LQ WKDW UHVSHFWLYH GHSWK )RU WKH 63, LPDJHV PD[LPXP
OXPLQRSKRUHGHSWKLummaxZDVDVVHVVHGE\PHDVXULQJWKHGHHSHVWOXPLQRSKRUHVLJQDO
LQ ,PDJH-ZKHUHDV IRU WKH67VOLFLQJPHWKRGPD[LPXPOXPLQRSKRUHGHSWKLummax




VHGLPHQW UHZRUNLQJ VHGLPHQW UHZRUNLQJ UDWHDbNLILummaxLummeanZDV FDUULHG
RXWZLWK OLQHDUPL[HGPRGHOV )L[HG HIIHFWVZHUHPHWKRG LH 67 UHGXFHG63, IXOO
63,DQGWUHDWPHQWLHAmphiuraFRPPXQLW\NuculaFRPPXQLW\ZLWKQRLQWHUDFWLRQ
WHUP5DQGRPHIIHFWVZHUHLQWHUFHSWVIRUFRUHDQGVDPSOHZKLFKQHVWHGLQPHWKRGLH
WKH WZR VDPSOHV RI WKH 63, PHWKRG 7XNH\¶V WHVWV ZHUH SHUIRUPHG WR DVVHVV WKH
GLIIHUHQFHV EHWZHHQ WKH PHWKRGV 7KH YDULDELOLW\ RI WKH 63, PHWKRGV ZDV HVWLPDWHG
XVLQJ DPL[HGPRGHO7KHPHWKRG LH UHGXFHG DQG IXOO63, WUHDWPHQW DQG VDPSOH
DUH IL[HG HIIHFWV ZLWKRXW DQ LQWHUDFWLRQ WHUP DQG LQWHUFHSWV IRU FRUH ZDV WKH UDQGRP
HIIHFW
,Q RUGHU WR GHFLGH LI GLIIHUHQFHV LQ VHGLPHQW UHZRUNLQJ SDUDPHWHUV ZHUH GXH WR WKH
OXPLQRSKRUHGHSWKGLVWULEXWLRQZHFRPSDUHGWKHOXPLQRSKRUHFRQFHQWUDWLRQVSHUVOLFH
RI WKH 67 DQG WKH UHGXFHG63, PHWKRG XVLQJ D QRQSDUDPHWULF 0DQQ :KLWQH\ WWHVW
*UDSK3DG3ULVP*UDSK3DG6RIWZDUH,QF





7R DVVHVV ZKHWKHU WKH DSSOLFDWLRQ RI WKH GLIIHUHQW PHWKRGV ZRXOG OHDG WR GLIIHUHQW
FRQFOXVLRQVDERXWGLIIHUHQFHVLQVHGLPHQWUHZRUNLQJUDWHDbNLILummaxDQGLummean
EHWZHHQ WKH AmphiuraFRPPXQLW\ DQG NuculaFRPPXQLW\ ZH DSSOLHG IXUWKHU
JHQHUDOL]HGOLQHDUPRGHOV7KHWZRVDPSOHVRIERWK63,PHWKRGVZHUHDYHUDJHGWKXV
WKHUHSOLFDWHQXPEHUZDVVLPLODUIRUDOOWKUHHPHWKRGV
9LVXDO LQVSHFWLRQ RI UHVLGXDO SORWV UHYHDOHG REYLRXV GHYLDWLRQ IURP KRPRVFHGDVWLFLW\
DQG QRUPDOLW\ IRU WKH VHGLPHQW UHZRUNLQJ UDWHDb $FFRUGLQJO\ WKH ORJWUDQVIRUPHG
VHGLPHQWUHZRUNLQJUDWHVZHUHXVHGIRUWKHDQDO\VLV3YDOXHVRIWKHPL[HGPRGHOVZHUH
REWDLQHG E\ OLNHOLKRRG UDWLR WHVWV RI WKH IXOO PRGHO LQFOXGLQJPHWKRG DV IL[HG HIIHFW
DJDLQVW WKHPRGHOZLWKRXWPHWKRGDV IL[HGHIIHFW$QDO\VHVZHUHFDUULHGRXWXVLQJ 5
Y 5 &RUH 7HDP  DQG WKH SDFNDJHV OPH %DWHV HW DO  PXOWFRPS
+RWKRUQHWDO3ORWVZHUHPDGHZLWKWKHKHOSRIJJSORW:LFNKDP





$OO IRXU VHGLPHQW UHZRUNLQJ SDUDPHWHUV VKRZHG VLJQLILFDQW GLIIHUHQFHV EHWZHHQ
PHWKRGV LH VHGLPHQW UHZRUNLQJUDWHDb Ȥð S QRQORFDOLW\ LQGH[
NLI Ȥð    S    PHDQ ZHLJKWHG OXPLQRSKRUH GHSWK Lummean
Ȥð  S    DQG PD[LPXP OXPLQRSKRUH GHSWK Lummax Ȥð   
S 



































































Lummean ZDV VLJQLILFDQWO\ GHHSHU LQ WKH IXOO63, PHWKRG FRPSDUHG WR 67 7XNH\




















LummaxZDV VLJQLILFDQWO\ GHHSHU LQ WKH 67PHWKRG FRPSDUHG WR ERWK 63, DSSURDFKHV
FRPSDUHGWRIXOO63,7XNH\SDQGUHGXFHG63,7XNH\SZKLFK
GLG QRW GLIIHU VLJQLILFDQWO\ )LJ $VVHVVPHQW RI WKH YDULDELOLW\ RI WKH 63, PHWKRG
GHSHQGLQJ RQ WKH VDPSOH VLWH \LHOGHG RQO\ VLJQLILFDQW GLIIHUHQFHV IRU Lummax
Ȥð S 





VHGLPHQW UHZRUNLQJ UHJLPH FRPSDULVRQ 7KH IXOO63,PHWKRG LQGLFDWHV WKDW WKHUH DUH
VLJQLILFDQWGLIIHUHQFHVLQDb) S Lummax) S
DQGLummean) S EHWZHHQWKHAmphiuraDQGNuculaFRPPXQLW\
7KH UHGXFHG63, DSSURDFK LQGLFDWHV VLJQLILFDQW GLIIHUHQFHV LQ Db )   




















UHZRUNLQJ SDUDPHWHUV EHWZHHQ WKH WZR FRPPXQLWLHV HYHQ WKRXJK SURILOHV RI WKHZHW
ZHLJKW GLVWULEXWLRQ RI ERWK FRPPXQLWLHV VKRZ WKDW WKH JURVV ELRPDVV RI WKH
Amphiura-FRPPXQLW\ LV ORFDWHG DW WKUHH WR IRXU FP GHSWK ZKHUHDV ELRPDVV LQ WKH
NuculaFRPPXQLW\LVORFDWHGPDLQO\LQWKHXSSHUWZRFP)LJ

)LJ  'LVWULEXWLRQ RI WKH ZHW ELRPDVV J ZLWKLQ WKH FRPPXQLWLHV (DFK FLUFOH UHSUHVHQWV WKH ZHW
ELRPDVVJIRXQGDWWKHUHVSHFWLYHGHSWKLQRQHRIWKHUHSOLFDWHV

$OO PHWKRGV SURGXFHG VLPLODU OXPLQRSKRUH GHSWK GLVWULEXWLRQV )LJ +RZHYHU IRU
WZRGHSWKVWUDWDWKH67DQGWKHUHGXFHG63,PHWKRGVKRZVLJQLILFDQWGLIIHUHQFHVLQWKH
OXPLQRSKRUHGHSWKGLVWULEXWLRQ7KHOXPLQRSKRUHFRQFHQWUDWLRQLQWKHVHFWLRQIURP
FP0DQQ:KLWQH\U n1 n2 S ZDVVLJQLILFDQWO\KLJKHULQWKH
67DSSURDFKZKHUHDVWKHUHGXFHG63,DSSURDFKIRXQGVLJQLILFDQWO\PRUHOXPLQRSKRUHV
























)LJ  'LVWULEXWLRQ RI WKH OXPLQRSKRUHV  ZLWKLQ WKH AmphiuraFRPPXQLW\ DF DQG












































2XU UHVXOWV FOHDUO\ GHPRQVWUDWH WKDW WKH VOLFLQJ WHFKQLTXH 67 DSSURDFK DQG WKH 63,
PHWKRG GHOLYHU VLJQLILFDQWO\ GLIIHUHQW UHVXOWV WKDW XOWLPDWHO\ PD\ OHDG WR GLVWLQFWO\
GLIIHUHQWLQWHUSUHWDWLRQVRIVHGLPHQWUHZRUNLQJSDWWHUQV7KLVILQGLQJQRWRQO\LQGLFDWHV
WKDWGDWDGHULYHGE\ERWKDSSURDFKHVLVGLIILFXOWWRFRPSDUHLWDOVRUDLVHVWKHTXHVWLRQ
ZKLFK PHWKRG SURGXFHV D PRUH DSSURSULDWH PRGHO RI UHDOLW\  6RODQ HW DO 
DVVXPHGWKDWWKH63,PHWKRGSURYLGHVFRQVHUYDWLYHHVWLPDWHVRIWKHVHGLPHQWUHZRUNLQJ
UDWHDVSDUWLFOHVDUHOLNHO\WREHGLVORFDWHGKRUL]RQWDOO\DZD\IURPWKHJODVVZDOO<HWLQ
RXU H[SHULPHQWV WKH UHGXFHG63, DSSURDFK SURGXFHG WKH KLJKHVW VHGLPHQW UHZRUNLQJ
UDWHV ZKLOH QR VLJQLILFDQW GLIIHUHQFHV ZHUH GHWHFWHG LQ VHGLPHQW UHZRUNLQJ UDWHV
EHWZHHQWKHRWKHUWZRPHWKRGV
$Q XQGHUHVWLPDWLRQ RI WKH VHGLPHQW UHZRUNLQJ SDUDPHWHUV E\ WKH 63, PHWKRG DV
SUHGLFWHGE\6RODQHWDOFRXOGRQO\EHREVHUYHGIRUWKHPD[LPXPOXPLQRSKRUH
GHSWK 7KH 67 VKRZHG WKH GHHSHVW Lummax ZKLFK LQGLFDWHV WKDW GHHS VHGLPHQW
UHZRUNLQJ DFWLYLW\ ZDV SDUWO\ QRW GHWHFWHG E\ WKH 63,PHWKRG DV LW SUHVXPDEO\ WRRN
SODFHDZD\IURPDQ\RIWKHF\OLQGHUZDOOV7KHHIIHFWZDVHVSHFLDOO\SURQRXQFHGLQWKH
NuculaFRPPXQLW\+RZHYHUIURPWKHELRPDVVDQGOXPLQRSKRUHGLVWULEXWLRQLWKDVWR
EHFRQFOXGHG WKDW WKHGHHS OXPLQRSKRUHV UHVSRQVLEOH IRULummax DUHH[WUHPHV LQ WKH
NuculaFRPPXQLW\$FFRUGLQJO\63,IXQFWLRQVVXIILFLHQWO\WRGHSLFWWKHJHQHUDOSLFWXUH
RIVHGLPHQWUHZRUNLQJDFWLYLW\
)XOO63, KRZHYHU DOVR VKRZHG WKH ORZHVWNLI<HW WKLV ILQGLQJ GRHV QRW VKRZ WKDW
IXOO63, XQGHUHVWLPDWHVNLI EXW WKDW QRQORFDO WUDQVSRUW LV RYHUHVWLPDWHG E\ WKH ORZ
VSDWLDOUHVROXWLRQRIWKH67DQGWKHUHGXFHG63,PHWKRG6HGLPHQWUHZRUNLQJFDQHLWKHU
EH RI ORFDO QDWXUH ZKHUH DQLPDO DFWLYLW\ OHDGV WR IUHTXHQW UDQGRP GLVORFDWLRQV RI
LQGLYLGXDOSDUWLFOHVRYHUYHU\VKRUWGLVWDQFHV%RXGUHDX.ULVWHQVHQHWDO
RURIDQRQORFDOQDWXUHZKHUHSDUWLFOHVDUHPRYHGRYHUODUJHUGLVWDQFHVLQGLVWLQFWVWHSV
%RXGUHDX DQG ,PERGHQ  .ULVWHQVHQ HW DO 0H\VPDQ HW DO  7KLV
QRQORFDO WUDQVSRUW PD\ KRZHYHU DOVR EH FDXVHG E\ WKH VSDWLDO UHGXFWLRQ RI WKH
OXPLQRSKRUH GLVWULEXWLRQ:KLOH WKH IXOO63, DSSURDFK FDSWXUHV WKH IXOO H[WHQW RI WKH
VPDOO ORFDO UDQGRPGLVORFDWLRQVDQGGHSLFWV WKHPVSDWLDOO\DFFXUDWHZLWKERWK WKH67
DQGWKHUHGXFHG63,DSSURDFKE\LQWHJUDWLQJRYHUODUJHUGHSWKLQWHUYDOVVKLIWVLQGHSWK
GLVWULEXWLRQJHQHUDOO\DSSHDUDVSDUWLFOHGLVORFDWLRQRYHUODUJHUVWHSV





FRPPXQLW\ DV WKH QRQORFDO WUDQVSRUWZDV DOUHDG\ZLWK WKH IXOO63, DSSURDFK VOLJKWO\
KLJKHU <HW FRPSDUHG WR WKH NLI GHVFULEHG E\ )HUQDQGHV HW DO  IRU Nereis
diversicolorRIQHLWKHURIRXUDSSURDFKHVDWWHVWVRQHRIWKHFRPPXQLWLHV¶KLJKQRQ
ORFDOWUDQVSRUW
'LIIHUHQFHV EHWZHHQ WKH 67 DQG WKH 63, PHWKRG DUH QRW RQO\ FDXVHG E\ VSDWLDO
UHVROXWLRQ,UUHJXODUO\VORSHGVHGLPHQWVXUIDFHVFDXVHGE\VXUIDFHVHGLPHQWUHZRUNLQJ
DFWLYLW\DUHDKLQGUDQFH WRVOLFLQJHTXDOO\VL]HGVXUIDFHVHFWLRQVZLWK WKH67PHWKRG
5HVXOWLQJ GLIIHUHQFHV LQ VHGLPHQW YROXPH SHU VOLFH ZLOO XOWLPDWHO\ VNHZ WKH
OXPLQRSKRUHGLVWULEXWLRQ7KHHIIHFWLVPRVWSURQRXQFHGLQWKHWRSOD\HUVZKHUHDWWKH
VDPHWLPHWKHGLIIXVLRQPRGHOLVPRVWVHQVLWLYHWRSDUDPHWHUFKDQJHVKHQFHWKHLPSDFW
RI VXUIDFH LUUHJXODULWLHV LV FRUUHVSRQGLQJO\ ODUJH 7KH 63, PHWKRG FRPSHQVDWHV IRU
VXUIDFH EXPSV E\ D FRPSXWHUDVVLVWHG VPRRWKLQJ DQG VWUDLJKWHQLQJ RI WKH VHGLPHQW
VXUIDFH EHIRUH ELRGLIIXVLYH WUDQVSRUW LV PRGHOOHG 7KLV PD\ H[SODLQ GLIIHUHQW
FRQFOXVLRQV WKDW DUH GUDZQ DERXW WKH VHGLPHQW UHZRUNLQJ DFWLYLW\ Db LQ WKH
Amphiura- DQGNuculaFRPPXQLW\ ,Q FRQWUDVW WR VXUIDFH EXPSV VSDWLDO GLVWULEXWLRQ
DORQH GRHV QRW DIIHFW WKH FRQFOXVLRQV IRU Db Lummean DQG Lummax RI WKH WZR
FRPPXQLWLHVDVLVGHPRQVWUDWHGE\WKHUHGXFHG63,PHWKRG
&RQVLGHULQJ DOO WKHVH ILQGLQJV ZH FDQ ILQG QR HYLGHQFH WKDW ZRXOG UHEXW RXU ILUVW
K\SRWKHVLVWKDWGLVWRUWLRQLQWKH63,LPDJHVIURPWKHFXUYDWXUHRIWKHF\OLQGHUVFP
GLDPHWHUZLOOQRWDIIHFWWKHVHGLPHQWUHZRUNLQJSDUDPHWHUV8QGHUHVWLPDWLRQLQDQ\RI
WKH VHGLPHQW UHZRUNLQJ SDUDPHWHUV ZDV RQO\ REVHUYHG IRU Lummax ZKLFK FDQ EH
DWWULEXWHG WR WKH³EOLQGVSRW´RI WKH63,PHWKRG7KLV VXSSRUWVRXUVHFRQGK\SRWKHVLV














$OO SDUDPHWHUV ZH PHDVXUHG ZHUH ZHOO ZLWKLQ WKH FRPPRQ UDQJH RI VHGLPHQW
UHZRUNLQJDFWLYLW\ IRUPDFURIDXQDVSHFLHVPHDVXUHGZLWKHLWKHURI WKH WHFKQLTXHV67
)HUQDQGHVHWDO*LOEHUWHW DO*LOEHUWHW DO63, 4XHLUyVHWDO
:UHGHHWDO
,WPD\WKXVEHDVVXPHGWKDWWKH63,PHWKRGIXQFWLRQVHTXLYDOHQWWRWKH67LQWHUPVRI
WKH JHQHUDO SLFWXUH RI WKH VHGLPHQW UHZRUNLQJ DFWLYLW\ :KHQ LW FRPHV WR VSDWLDO
UHVROXWLRQ DQG VSDWLDO DFFXUDF\ WKH 63, PHWKRG ZDV HYHQ VXSHULRU WR WKH 67
1HYHUWKHOHVV LW LV FUXFLDO WR QRWH WKDW WKH 67PHWKRG LV EHWWHU VXLWHG LI WKH DEVROXWH
PD[LPXPVHGLPHQWUHZRUNLQJGHSWKLVWKHPDMRUIRFXVRIDQLQYHVWLJDWLRQDVWKH³EOLQG
VSRW´ RI WKH 63, PHWKRG PD\ PDVN VRPH VHGLPHQW UHZRUNLQJ DFWLYLW\ &RQVLGHULQJ
KRZHYHUWKHORZHUDFFXUDF\DQGWKHWLPHLQWHQVLYHVOLFLQJSURFHGXUHRIWKH67PHWKRG
JHQHUDOVHGLPHQWUHZRUNLQJSDWWHUQVDUHEHWWHUUHVROYHGZLWKWKH63,PHWKRG+RZHYHU
LI 63, LV DSSOLHG WKH ³EOLQG VSRW´ VKRXOG EH NHSW DV VPDOO DV SRVVLEOH WKURXJK D
PD[LPL]DWLRQ RI SKRWRJUDSKHG VXUIDFH DUHD :H LPSOHPHQWHG WKLV LQ RXU VWXG\ E\
WDNLQJ SLFWXUHV IURP WKH WZR H[DFW RSSRVLWH VLGHV RI WKH FRUH 6LQFH VLJQLILFDQW
GLIIHUHQFHVLQLummaxEHWZHHQWKHWZRVLGHVH[LVWLPSRUWDQWLQIRUPDWLRQPD\JHWORVWLI
WKH SKRWRJUDSKHG VXUIDFH DUHD LV NHSW VPDOO ,Q FRUHVZLWK D GLDPHWHU RI  FP LW LV






ILQGLQJ VKRXOG IDFLOLWDWH WKH DSSOLFDELOLW\ RI VHGLPHQW UHZRUNLQJ PHDVXUHPHQWV LQ
QDWXUDO FRPPXQLWLHV DV VHGLPHQW UHZRUNLQJ SDUDPHWHUV FDQ EH PHDVXUHG GLUHFWO\ LQ











7KH DXWKRUVZRXOG OLNH WR WKDQN WKH FUHZRI WKH59+HLQNH DVZHOO DV -0H\HU.





GHVLJQHG WKH VWXG\$:SHUIRUPHG WKHH[SHULPHQW DQGDQDO\VHG WKHGDWD -+DVVLVWHG
ZLWK WKH PRGHOOLQJ RI ELRGLIIXVLYH WUDQVSRUW $: ZURWH WKH SDSHU ZLWK VXEVWDQWLDO
FRQWULEXWLRQVIURP7%DQG-+















0 )UDQoRLV&DUFDLOOHW ) 0LFKDXG ( 6WRUD *  6HGLPHQW UHZRUNLQJ E\
PDULQHEHQWKLFVSHFLHVIURPWKH*XOOPDU)MRUGZHVWHUQ6ZHGHQLPSRUWDQFHRIIDXQDO
ELRYROXPH-([S0DU%LRO(FRO





.ULVWHQVHQ ( 3HQKD/RSHV * 'HOHIRVVH 0 9DOGHPDUVHQ 7 4XLQWDQD &2
%DQWD*7:KDWLVELRWXUEDWLRQ"7KHQHHGIRUDSUHFLVHGHILQLWLRQIRUIDXQDLQ
DTXDWLFVFLHQFHV0DU(FRO3URJ6HU
/RKUHU $0 7KUXVK 6) *LEEV 00  %LRWXUEDWRUV HQKDQFH HFRV\VWHP
IXQFWLRQWKURXJKFRPSOH[ELRJHRFKHPLFDOLQWHUDFWLRQV1DWXUH
0DKDXW0*UDI* $ OXPLQRSKRUH WUDFHU WHFKQLTXH IRUELRWXUEDWLRQ VWXGLHV
2FHDQRORJLFDDFWD




0DLUH 2 'XFKHQH -& 5RVHQEHUJ 5 GH 0HQGRQFD -% *UpPDUH $ 
(IIHFWV RI IRRG DYDLODELOLW\ RQ VHGLPHQW UHZRUNLQJ LQAbra ovata DQGA. nitida0DU
(FRO3URJ6HU
0DLUH2/HFURDUW30H\VPDQ)5RVHQEHUJ5'XFKHQH-&*UHPDUH$
4XDQWLILFDWLRQ RI VHGLPHQW UHZRUNLQJ UDWHV LQ ELRWXUEDWLRQ UHVHDUFK D UHYLHZ$TXDW
%LRO
0H\VPDQ )- %RXGUHDX %3 0LGGHOEXUJ --  5HODWLRQV EHWZHHQ ORFDO
QRQORFDOGLVFUHWHDQGFRQWLQXRXVPRGHOVRIELRWXUEDWLRQ-0DU5HV
0XUUD\)'RXJODV$6RODQ06SHFLHV WKDW VKDUH WUDLWVGRQRWQHFHVVDULO\
IRUPGLVWLQFWDQGXQLYHUVDOO\DSSOLFDEOHIXQFWLRQDOHIIHFWJURXSV0DU(FRO3URJ6HU

0XUUD\ ) :LGGLFRPEH 6 0F1HLOO &/ 6RODQ 0  &RQVHTXHQFHV RI D
VLPXODWHG UDSLG RFHDQ DFLGLILFDWLRQ HYHQW IRU EHQWKLF HFRV\VWHP SURFHVVHV DQG
IXQFWLRQV0DU3ROOXW%XOO
4XHLUyV$0%LUFKHQRXJK615%UHPQHU-*RGEROG-$3DUNHU5(5RPHUR
5DPLUH] $ 5HLVV + 6RODQ 0 6RPHUILHOG 3- 9DQ &ROHQ & 9DQ +RH\ *






5 &RUH 7HDP  5 $ /DQJXDJH DQG (QYLURQPHQW IRU 6WDWLVWLFDO &RPSXWLQJ 5
)RXQGDWLRQIRU6WDWLVWLFDO&RPSXWLQJ9LHQQD$XVWULD
6DO]ZHGHO+5DFKRU(*HUGHV' %HQWKLFPDFURIDXQD FRPPXQLWLHV LQ WKH
*HUPDQ%LJKW9HU|II,QVWLW0HHUHVI%UHPHUKDYHQ
6RODQ 0 :LJKDP %' +XGVRQ ,5 .HQQHG\ 5 &RXORQ &+ 1RUOLQJ .
1LOVVRQ+&5RVHQEHUJ5  ,Q VLWX TXDQWLILFDWLRQ RI ELRWXUEDWLRQ XVLQJ WLPH
ODSVH IOXRUHVFHQW VHGLPHQW SURILOH LPDJLQJ I63, OXPLQRSKRUH WUDFHUV DQG PRGHO
VLPXODWLRQ0DU(FRO3URJ6HU









*HUPDQ %LJKW NH\ ELRWXUEDWRUV RQ ELRJHRFKHPLFDO F\FOLQJ DQG VHGLPHQW WXUQRYHU -
([S0DU%LRO(FRO
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/RVV RI ELRWXUEDWLQJ NH\ VSHFLHV IURPPDULQH VHGLPHQWV KDV EHHQ VKRZQ WR VWURQJO\
UHGXFH EHQWKLF ELRJHRFKHPLFDO F\FOLQJ DQG HFRV\VWHP IXQFWLRQLQJ ,W LV WKXV RI
SDUDPRXQW LPSRUWDQFH WR LGHQWLI\ NH\ ELRWXUEDWRUV DQG TXDQWLI\ WKHLU HIIHFW RQ
ELRJHRFKHPLFDO SURFHVVHV 7R GR VR WUDLWEDVHG FRPPXQLW\ DQG VSHFLHV ELRWXUEDWLRQ
SRWHQWLDO %3FDQG%3LZDVPDSSHGIRU1RUWK6HDVWDWLRQV LQ WKH*HUPDQ%LJKW
0DSSLQJRI%3FDQG%3L LGHQWLILHGAmphiura filiformisEchinocardium cordatumDQG
Nucula nitidosa DVPDMRUELRWXUEDWLQJVSHFLHVLQWKH*HUPDQ%LJKW7KHHIIHFWVRIWKHVH
VSHFLHV RQ EHQWKLF QXWULHQW IOX[ LH FKDQJLQJ FRQFHQWUDWLRQV RI VLOLFDWH ¨>6L2@
DPPRQLXP¨>1+@QLWUDWH¨>12@DQGQLWULWH¨>12@ZHUHTXDQWLILHGLQODERUDWRU\
H[SHULPHQWV WRJHWKHU ZLWK WKHLU ELRWXUEDWLRQ UDWH 'E DQG ELRLUULJDWLRQ DFWLYLW\ 7KH
H[SHULPHQWVLQGLFDWHGWKDWPDSSHGVSHFLHV¶ELRWXUEDWLRQSRWHQWLDO%3LPD\EHDSRRU
WRRO IRU LGHQWLI\LQJNH\ELRWXUEDWRUVZKLOH FDOFXODWHG H[SHULPHQWDO%3L H[S%3LZDV D
JRRG LQGLFDWRU IRU VSHFLHV LPSDFW RQ ELRJHRFKHPLFDO F\FOLQJ 2XW RI WKH WKUHH
LQYHVWLJDWHGVSHFLHVRQO\E. cordatumVLJQLILFDQWO\LQIOXHQFHGELRJHRFKHPLFDOF\FOLQJ
ZKHUHDV WKH HIIHFW RI A. filiformis UHPDLQHG LQFRQFOXVLYH SRWHQWLDOO\ EHFDXVH DUP
GDPDJHDQGUHJHQHUDWLRQPD\DIIHFWWKHELRWXUEDWLRQDFWLYLW\RIPDQ\LQGLYLGXDOV7KH
ELYDOYHN. nitidosaVKRZHGRQO\OLWWOHLPSDFWRQELRJHRFKHPLFDOF\FOLQJDOWKRXJKWKLV
VSHFLHV ZDV IRXQG WR EH DQ DFWLYH ELRWXUEDWRU $FFRUGLQJO\ E. cordatum PD\ EH




Amphiura filiformisEchinocardium cordatumNucula nitidosa





6HGLPHQWV LQ DTXDWLF HQYLURQPHQWV DUH VWURQJO\ LQIOXHQFHG E\ WKH LQKDELWLQJ
PDFURIDXQDORUJDQLVPV7KURXJKWKHLUEXUURZLQJYHQWLODWLRQLQJHVWLRQDQGGHIHFDWLRQ
DFWLYLWLHVEHQWKLFRUJDQLVPVDFWLYHO\PL[WKHVHGLPHQW.ULVWHQVHQHWDOPRGLI\
WKH JUDLQ VL]H GLVWULEXWLRQ *LDQJUDQGH HW DO  FKDQJH VWUXFWXUH SRURVLW\ DQG
HURGLELOLW\ RI WKH VHGLPHQW *UDQW DQG'DERUQ 0HDGRZV DQG0HDGRZV 
5RZGHQ HW DO  :LGGRZV HW DO  DQG UHGLVWULEXWH IRRG UHVRXUFHV HJJV
YLUXVHVDQGUHVWLQJVWDJHV*LDQJUDQGHHWDO0H\VPDQHWDO9HQWLODWLRQ
DFWLYLWLHVDQGIOXVKLQJRIEXUURZVUHGLVWULEXWHQXWULHQWV/RKUHUHWDODQGR[\JHQ
$OOHU  WKHUHE\ SURPRWLQJ WKH UHPLQHUDOL]DWLRQ RI RUJDQLF PDWWHU LQ GHHSHU
VHGLPHQWOD\HUV$OOHU.ULVWHQVHQ7KLVHQKDQFHVWKHH[FKDQJHRIVROXWHV
DFURVVWKHVHGLPHQWZDWHULQWHUIDFHDQGWKHQXWULHQWDYDLODELOLW\IRUSULPDU\SURGXFWLRQ
DQGELRJHRFKHPLFDO F\FOLQJ %ODFNEXUQ %UDHFNPDQ HW DO $FFRUGLQJO\
DTXDWLF ELRWXUEDWRUV KDYH D VWURQJ LQIOXHQFH RQ WKH IXQFWLRQLQJ RI WKHEHQWKLF V\VWHP
DQGWKHRYHUO\LQJZDWHUERG\-RQHVHWDO/RKUHUHWDO%LRWXUEDWRUVDUH
KHQFH FRQVLGHUHG LPSRUWDQW HFRV\VWHP HQJLQHHUV ZKLFK PRGLI\ WKH DYDLODELOLW\ DQG
DFFHVVLELOLW\RIUHVRXUFHVIRUWKHPVHOYHVDQGRWKHURUJDQLVPV-RQHVHWDO
3UHYLRXV VWXGLHV VKRZHG WKDW WKH HIIHFW RI D GLYHUVH PXOWLVSHFLHV FRPPXQLW\ RQ
ELRJHRFKHPLFDOF\FOLQJLVQRWMXVWWKHVXPPDWLRQRIWKHVLQJOHVSHFLHVHIIHFWV+DOHHW
DO  0HUPLOORG%ORQGLQ HW DO  :DOGEXVVHU HW DO  7KH VWURQJHVW
ELRWXUEDWRU RIWHQ VXSHULPSRVHV WKH HIIHFWV RI WKH RWKHU VSHFLHVZKLOH FRPSHWLWLRQ IRU
UHVRXUFHVVXFKDVIRRGDQGVSDFHPD\UHGXFHWKHRYHUDOOLQIOXHQFHRIELRWXUEDWLRQRQ
EHQWKLFIXQFWLRQLQJ+DOHHWDO$VDFRQVHTXHQFHWKHEHKDYLRURIWKHGRPLQDQW
ELRWXUEDWRU LV RIWHQPRUH LPSRUWDQW IRU ELRJHRFKHPLFDO F\FOLQJ WKDQ VSHFLHV GLYHUVLW\
/RKUHUHWDO0HUPLOORG%ORQGLQHWDO2
5HLOO\HWDO
7KH UHGXFWLRQ RU ORVV RI WKH ELRWXUEDWLRQ DFWLYLW\ RI RQH NH\VWRQH VSHFLHVPD\ WKXV
KDYH EURDG HFRORJLFDO DQG ELRFKHPLFDO LPSOLFDWLRQV VXFK DV D UHGXFHG QXWULHQW
H[FKDQJHDFURVVWKHVHGLPHQWZDWHULQWHUIDFHZLWKSRWHQWLDOO\QHJDWLYHLPSOLFDWLRQVIRU
SULPDU\ SURGXFWLRQ /RKUHU HW DO  &RQWLQXRXV DQWKURSRJHQLF DFWLYLWLHV LQ WKH
1RUWK6HDVXFKDVILVKHULHVDQGRIIVKRUHZLQGIDUPLQJDUHH[SHFWHGWRLQGXFHUHJLRQDO
DQG ODUJH VFDOHFKDQJHV LQ WKH VWUXFWXUH RI EHQWKLF FRPPXQLWLHV &RDWHV HW DO 
5DFKRU7LOOLQHWDO7RXQGHUVWDQGWKHLPSOLFDWLRQVRIWKHVHFKDQJHVIRU




HFRV\VWHP IXQFWLRQLQJ LW LV RI XWPRVW LPSRUWDQFH WR LGHQWLI\ NH\ ELRWXUEDWRUV DQG
TXDQWLI\ WKHLU FRQWULEXWLRQ WRELRJHRFKHPLFDO F\FOLQJ6R IDU WKHUHKDVEHHQQR ODUJH
VFDOHDVVHVVPHQWRINH\ELRWXUEDWRUVLQWKH1RUWK6HDRUDQ\RWKHUVHD
7KHGHVFULSWLYHQRQTXDQWLWDWLYHFRQFHSWRIFRPPXQLW\ELRWXUEDWLRQSRWHQWLDO%3FRI
6RODQ HW DO  PD\ RIIHU D YDOXDEOH WRRO IRU WKH LGHQWLILFDWLRQ RI LPSRUWDQW
ELRWXUEDWRUV,WSURYLGHVDQHVWLPDWHRIUHODWLYHVHGLPHQWUHZRUNLQJDFWLYLW\4XHLUyVHW
DO  DQG LV FRUUHODWHG ZLWK VHGLPHQW SDUDPHWHUV VXFK DV WRWDO RUJDQLF FDUERQ
FRQWHQW FKORURSK\OO FRQFHQWUDWLRQR[\JHQDWLRQGHSWK VHGLPHQWR[\JHQFRQVXPSWLRQ
DPPRQLXP HIIOX[ DQG GHQLWULILFDWLRQ %LUFKHQRXJK HW DO  %UDHFNPDQ HW DO
 6RODQ HW DO 'XH WR LWV QRQTXDQWLWDWLYH QDWXUH%3F SURYLGHV QHLWKHU DQ
DEVROXWH YDOXH RI ELRWXUEDWLRQ QRU D PHDVXUH RI DVVRFLDWHG ELRJHRFKHPLFDO F\FOLQJ
7KHUHIRUHWKHVHSURFHVVHVKDYHWREHTXDQWLILHGH[SHULPHQWDOO\
7KLVVWXG\DLPVIRUDILUVWFRPSUHKHQVLYHVSDWLDODVVHVVPHQWRI LPSRUWDQWELRWXUEDWRUV
LQ WKH*HUPDQ%LJKWDQGWKH LGHQWLILFDWLRQRIVSHFLHVWKDWDUHHVVHQWLDOFRQWULEXWRUV WR
ELRJHRFKHPLFDO F\FOLQJ LQ WKLV UHJLRQ7RGR VR WKLV VWXG\FRPELQHV FRPSXWHUEDVHG
PDSSLQJRIELRWXUEDWLRQSRWHQWLDOZLWK WKHH[SHULPHQWDOGHWHUPLQDWLRQRIELRWXUEDWLRQ
DQGELRLUULJDWLRQDFWLYLW\DQGWKHLULQIOXHQFHRQQXWULHQWIOX[HV





2.1 Identification of key bioturbators 





୧ ൌ ඥܤ௜ ܣ௜Τ כ ܣ௜ כ ܯ௜ כ ܴ௜      
&RPPXQLW\ELRWXUEDWLRQSRWHQWLDO
%3F ൌ σ ୧௡௜ୀଵ          
ZKHUHBiDQGAiDUHELRPDVVDQGDEXQGDQFHRIVSHFLHViDWDVWDWLRQZKLOHMiDQGRi
DUH FDWHJRULFDO VFRUHV GHVFULELQJ WKH PRELOLW\ DQG UHZRUNLQJ PRGH RI VSHFLHV i
&DWHJRULFDO VFRUHV ZHUH DGRSWHG IURP WKH FODVVLILFDWLRQV SURYLGHG E\ 4XHLUyV HW DO
 0LVVLQJ LQIRUPDWLRQ RQ PRELOLW\ DQG UHZRUNLQJ PRGH ZDV FRPSLOHG IURP
OLWHUDWXUHIROORZLQJWKHUXOHVSURSRVHGE\4XHLUyVHWDO
$EXQGDQFH DQG ELRPDVV GDWD ZHUH WDNHQ IURP WKH EHQWKRV GDWDEDVH IRU HFRORJLFDO
UHVHDUFK%(1'(5KHOGE\WKH$OIUHG:HJHQHU,QVWLWXWH+HOPKROW]&HQWUHIRU3RODU
DQG0DULQH5HVHDUFK$:,7KHVXEVHWFRPSULVHGVWDWLRQVVDPSOHGEHWZHHQ








ܫ௜ ൌ ௦௨௠ሺ௡೔ሻே כ ͳͲͲ         




ZKHUHn LV WKHQXPEHURIJULGFHOOVZLWK୧ ୡ ൒ ͲǤʹΤ ZKLOHN LV WKHQXPEHURIDOO
JULG FHOOV FRQWDLQLQJ DW OHDVW RQH VWDWLRQ /LWHUDWXUH LQIRUPDWLRQ RQ KDELWDW OLIH VW\OH
IHHGLQJKDELWELRWXUEDWLRQDQGELRLUULJDWLRQDFWLYLW\ZDV UHYLHZHG IRU LQGLFDWLRQV WKDW
%3LPLJKWEHRYHUHVWLPDWLQJWKHSRWHQWLDORIDVSHFLHVWRELRWXUEDWHRUWRLQIOXHQFHWKH
ELRJHRFKHPLFDO F\FOLQJ LH UHSRUWV RI ORZ ELRWXUEDWLRQ DFWLYLW\ UHVWULFWLRQ WR
SHUPHDEOHVHGLPHQWVHWF
$ VSHFLHV ZDV FRQVLGHUHG D NH\ ELRWXUEDWRU LI L %3L FRQWULEXWLRQ WR WRWDO %3F DQG
VWDWLRQ%3FZDVLLLIWKHVSDWLDOLPSRUWDQFHIZDVDQGLLLLIWKHUHZDVQR
HYLGHQFHIURPWKH OLWHUDWXUH WKDW%3LRYHUHVWLPDWHG WKHELRWXUEDWLRQHIIHFWV)RUHDVLHU
DVVHVVPHQWVSHFLHVZHUHUDQNHGDFFRUGLQJWRWKHVHWKUHHREOLJDWRU\FULWHULD/DERUDWRU\
H[SHULPHQWV ZHUH FRQGXFWHG RQ WKH LGHQWLILHG NH\ ELRWXUEDWRUV WKH EULWWOH VWDU
Amphiura filiformis 2) 0OOHU  WKH VHD XUFKLQ Echinocardium cordatum
3HQQDQW  DQG WKH ELYDOYHNucula nitidosa :LQFNZRUWK  WR DVVHVV DFWXDO
ELRWXUEDWLRQ UDWHV DQG ELRLUULJDWLRQ DFWLYLW\ DQG WKHLU HIIHFWV RQ QXWULHQW IOX[HV
FKDQJLQJFRQFHQWUDWLRQVRIVLOLFDWH¨>6L2@DPPRQLXP¨>1+@QLWUDWH¨>12@DQG
QLWULWH¨>12@
2.2 Sediment and fauna sampling for laboratory experiments
6HGLPHQWDQGEHQWKLFRUJDQLVPVIRU ODERUDWRU\H[SHULPHQWVZHUHFROOHFWHGZLWKDYDQ
9HHQ JUDE Pð LQ$XJXVW  DW WZR GLIIHUHQW VWDWLRQV LQ WKH VRXWKHUQ*HUPDQ
%LJKW Nucula nitidosa 1 ¶¶¶ ( ¶¶¶ Amphiura filiformis DQG
Echinocardium cordatum1¶¶¶(¶¶¶ZKLFKZHUHUHSUHVHQWDWLYHIRUWKH




DPPPHVKDQGOHIW WRVHWWOH LQ ODUJH WDQNV$V WKHVHGLPHQWFKDUDFWHULVWLFVGLIIHUHG
EHWZHHQ WKH WZR VWDWLRQV 7DE RQH WDQNZDV SUHSDUHGZLWK VHGLPHQW IURP WKH VLWH
ZKHUHN. nitidosaZDVFROOHFWHGDQGWZRZLWKVHGLPHQWIURPWKHVLWHZKHUHA. filiformis
DQGE. cordatumZHUHVDPSOHG$IWHUKRXUVWKHRYHUO\LQJZDWHUZDVGHFDQWHG7KH
VHGLPHQW RI HDFK WDQN ZDV KRPRJHQL]HG E\ PL[LQJ DQG SRXUHG LQWR UHFWDQJXODU
LQFXEDWLRQFKDPEHUVKFPZFPGFP)LJXSWRDVHGLPHQWFROXPQ
KHLJKWRIFPFPDIWHUVHWWOLQJ





Fig. 1. Set up of the incubation chambers. Bioturbation activity was determined by sediment profile 
imaging (SPI) through the glass window of the incubation chamber.  
 
For each of the three species, five replicate incubation chambers and five control 
chambers were filled with the respective sediment (Tab.1). The incubation chambers 
and aquaria were transferred to a temperature controlled laboratory at the Wadden Sea 
Station of the AWI at the island of Sylt and connected to a continuous flow of filtered 
seawater (30 μm drumfilter: Spranger; protein skimmer: Sander) taken directly from the 
Sylt-RØmØ Bight. Each chamber and aquarium was constantly aerated through an air 
stone.  
2.3 Incubation of bioturbators 
After two days, the height of the sediment column was controlled and adjusted, if 
necessary, to a height of 18 cm (±1cm). Temperature, pH, and salinity were controlled 
every second day. Four days after sampling, individuals of all species where recovered 
from the aquaria and selected according to number of intact arms ≥ 3 in A. filiformis 
and, for all species, according to observation of activity and size (A. filiformis 0.4-0.6 
cm disc diameter, E. cordatum 3.5-3.8 cm test length, N. nitidosa 0.6-0.8 cm max. shell 




































8.ZDVSRXUHGHYHQO\RYHU WKHVHGLPHQWVXUIDFH2QGD\ WKHVHDZDWHU IORZZDV
VWRSSHGIRUHLJKWKRXUVWRPHDVXUHELRLUULJDWLRQDQGF\FOLQJRIQLWURJHQDQGVLOLFDWHVHH
EHORZ%LRWXUEDWLRQ UDWHV DQGR[\JHQGLVWULEXWLRQ LQ WKH VHGLPHQWZHUHPHDVXUHGRQ
GD\RI WKHH[SHULPHQW2QGD\ WKHRUJDQLVPV WKDWKDGVXUYLYHGZHUHUHFRYHUHG
FRXQWHGDQGWKHWRWDOZHWELRPDVVJSHULQFXEDWLRQFKDPEHUZDVPHDVXUHG7DE
%DVHG RQ WKLV DEXQGDQFH DQG ELRPDVV GDWD WKH ELRWXUEDWLRQ SRWHQWLDO RI WKH WKUHH
VSHFLHVH[S%3LZDVFDOFXODWHGIRUHDFKLQFXEDWLRQFKDPEHU














Amphiura filiformis  ц   
Echinocardium cordatum  ц   




2.4 Bioirrigation and biogeochemical cycling 
%LRLUULJDWLRQ DFWLYLW\ RI WKH RUJDQLVPV ZDV DVVHVVHG WKURXJK FKDQJHV LQ WKH
FRQFHQWUDWLRQRIWKHLQHUWWUDFHUEURPLGHRYHUHLJKWKRXUV¨>%U@ WW)RUVWHUHWDO
 0HUPLOORG%ORQGLQ HW DO  ZKHUH QHJDWLYH ¨>%U@ YDOXHV LQGLFDWH DQ
LQFUHDVHGELRLUULJDWLRQDFWLYLW\$WWKHEHJLQQLQJRIWKHPHDVXULQJSHULRGWDVRGLXP
EURPLGHVROXWLRQJ1D%UGLVVROYHGLQVHDZDWHUDLPLQJDWD>%U@FRQFHQWUDWLRQRI
 P0 LQ WKH ZDWHU FROXPQ DERYH WKH VHGLPHQW ZDV FDUHIXOO\ VWLUUHG LQWR WKH ZDWHU
FROXPQRIHDFKLQFXEDWLRQFKDPEHU





ILOWHUHG  P VXUIDFWDQWIUHH FHOOXORVH DFHWDWH PHPEUDQH 0LQLVDUW 6\ULQJH )LOWHU
6DWRULXV)RUVWHUHWDO0HUPLOORG%ORQGLQHWDO0XUUD\HWDO
7KHZDWHUVDPSOHVZHUHVWRUHGDW&XQWLODQDO\VLVE\LRQFKURPDWRJUDSK\0HWURKP




DQDO\VLV 6DPSOHV ZHUH DQDO\VHG E\ VHJPHQWHG IORZ DQDO\VLV 6($/ $$
+5$XWRDQDO\]HUDQG ,62VWDQGDUGSURFHGXUHV 0707RI WKHPDQXIDFWXUHU
6($/$QDO\WLFDO)OX[HVRIVLOLFDWH¨>6L2@DPPRQLXP¨>1+@QLWUDWH¨>12
@ DQG QLWULWH ¨>12@ ZHUH GHWHUPLQHG IURP WKH FKDQJHV LQ FRQFHQWUDWLRQ & RYHU
WLPHDQGDUHJLYHQDV¨>&@ WW
2.5 Bioturbation  
%LRWXUEDWLRQZDV TXDQWLILHG E\ VHGLPHQW SURILOH LPDJLQJ 63, *LOEHUW HW DO 
,PDJHVRIWKHVHGLPHQWFROXPQZHUHWDNHQXQGHUEODFNOLJKW3KLOOLSV7/':%/%
6/ IURP D GHILQHG GLVWDQFH WKURXJK WKH JODVV ZDOO RI WKH LQFXEDWLRQ FKDPEHUV
&DPHUD &DQRQ (RV ' &DQRQ ()6  PP I ,6 860 )LJ  $OO
LPDJHV ZHUH FXW WR WKH VDPH VL]H ZLWK WKH LPDJH DQDO\VLV VRIWZDUH ,PDJH - 
KWWSLPDJHMQLKJRYLMLQGH[KWPODQGVFDOHG7KHZDWHUFROXPQZDVPDQXDOO\WLQWHG
ZLWK D SUHVHOHFWHG XQLIRUPPDUNLQJ FRORXU 5*%  LQ$GREH 3KRWRVKRS
&6 7KH WLQWHG ZDWHU FROXPQ ZDV ODWHU LGHQWLILHG E\ D FXVWRPPDGH SOXJLQ IRU WKH
VRIWZDUH,PDJH-7KHSOXJLQZDVXVHGWRUHPRYHWKHWLQWHGZDWHUFROXPQDQGWRVPRRWK
WKH VHGLPHQW VXUIDFH VR WKDW WKH VHGLPHQWZDWHU LQWHUIDFH VHUYHG DV WKH DEVFLVVD LQ D
FRRUGLQDWH V\VWHPDW \ RI DQ LQYHUVHRUGLQDWH LH WKHYHUWLFDO VHGLPHQW FROXPQ
$IWHU LGHQWLI\LQJ WKH OXPLQRSKRUHV XVLQJ WKH WKUHVKROG IXQFWLRQRI ,PDJH- WKH LPDJH
ZDV FRQYHUWHG LQWR EODFN DQGZKLWH 7KH EODFN SL[HOV UHSUHVHQWLQJ WKH OXPLQRSKRUHV












ܥሺݔǡ ݐሻ ൌ ேඥగ஽್௧ ݁ݔ݌ ቀ
ି௫;
ସ஽್௧ቁ        
ZKHUHC(x,t) WKHQRUPDOL]HGWUDFHUFRQFHQWUDWLRQUHODWLYHWRWKHLQLWLDOLQSXWt WLPH





ܰ ൌ σ ݊ሺܽ௜ሻ כ ݖሺܽ௜ሻ௜         
ZKHUH n(ai) WKHUHODWLYHFRQFHQWUDWLRQRI OXPLQRSKRUHVLQWKHVOLFHaiDQGz(ai) WKH
WKLFNQHVVRIWKHVOLFH aiLQFPNZDVHTXDOWR7KHELRGLIIXVLRQFRHIILFLHQWDbZDV
HVWLPDWHGE\PDWFKLQJ WKHPRGHO WR WKHREVHUYHGSURILOHV XVLQJQRQOLQHDU UHJUHVVLRQ
ZLWKWKHOHDVWVXPRIVTXDUHVRIWKHUHVLGXDOVDVFULWHULRQIRUWKHEHVWILW1RQORFDOLH
QRQGLIIXVLYHWUDQVSRUWZDVFDOFXODWHGXVLQJWKHQRQORFDOLW\LQGH[NLISURSRVHGE\
)HUQDQGHV HW DO  7KLV UHTXLUHV WKH FDOFXODWLRQ RI Db XVLQJ WKH DFWXDO WUDFHU







       
ZKHUHNLI    DbR  DbL LQGLFDWHV QR QRQORFDO WUDQVSRUW 7KHPHDQ OXPLQRSKRUH
EXULDO GHSWK OXPPHDQ ZDV DVVHVVHG IURP SURILOHV E\ ZHLJKWLQJ HDFK GHSWK E\ WKH
OXPLQRSKRUH FRQFHQWUDWLRQ LQ WKDW GHSWK0D[LPXP OXPLQRSKRUH GHSWK OXPPD[ ZDV
DVVHVVHG IURP WKH LPDJHV E\ PHDVXULQJ RI WKH GHHSHVW OXPLQRSKRUH VLJQDO LQ WKH
,PDJH-





2.6 Oxygenation depth 
2[\JHQ SURILOHV ZHUH PHDVXUHG XVLQJ WKH 9LVL6HQV $ 6\VWHP 3UH6HQVH 3ODQDU
R[\JHQ VHQVRU IRLOV KHLJKW  FPZLGWK  FP 6)536X 3UH6HQVH JOXHG WR WKH
LQQHUJODVVZDOORIWKHLQFXEDWLRQFKDPEHUV)LJZHUHSKRWRJUDSKHGZLWKD'HWHFWRU
8QLW '83UH6HQVH ,PDJHVZHUH DQDO\VHG LQ WKH VRIWZDUH9LVL6HQV$QDO\WL&DO 
3UH6HQVZKLFKXVHVSUHFDOLEUDWHGFRORXUYDOXHVWRFDOFXODWHR[\JHQFRQFHQWUDWLRQV
,PDJHV ZHUH FRQYHUWHG LQWR EODFN DQG ZKLWH ZLWK D FRORXU UDPS WKDW GHILQHG
FRQFHQWUDWLRQVIURPWRDLUR[\JHQFRQFHQWUDWLRQ:KLWHHTXDOOLQJR[\JHQ





2.7 Statistical analysis  
6WDWLVWLFDO DQDO\VHV ZHUH SHUIRUPHG XVLQJ WKH VRIWZDUH SDFNDJHV *UDSK 3DG 3ULVP 
*UDSK3DG 6RIWZDUH ,QF DQG -03  6$6 ,QVWLWXWH *PE+ )RU HDFK YDULDEOH
GHVFULELQJVHGLPHQWUHZRUNLQJ'E/XPPHDQ/XPPD[1/,ELRLUULJDWLRQR[\JHQDWLRQ
GHSWK ¨%U DQG ELRJHRFKHPLFDO IOX[ ¨>1+@ ¨>12@ ¨>12@ ¨>6L2@
FRPSDULVRQVZHUHPDGH IRU HDFK VSHFLHV VHSDUDWHO\E\ FRQWUDVWLQJ WKH UHSOLFDWHVZLWK
DQLPDOVRI WKDWVSHFLHVZLWK WKHFRUUHVSRQGLQJFRQWUROVFRQWDLQLQJWKHVDPHVHGLPHQW
3ULRU WR WKH WHVWV WKH GDWD ZDV WHVWHG IRU QRUPDOLW\ .ROPRJRURY6PLUQRY WHVW DQG
YDULDQFH KRPRJHQHLW\ /HYHQH¶V WHVW 7KH GDWD ZDV FRPSDUHG E\ :HOFK¶V WWHVW
=LPPHUPDQ'DWDRQWKHVSHFLHV¶ELRWXUEDWLRQSRWHQWLDOXQGHUWKHH[SHULPHQWDO
FRQGLWLRQV H[S%3L ZHUH ORJWUDQVIRUPHG DQG DQDO\]HG E\ RQHZD\ $129$ ZLWK
7XNH\¶VPXOWLSOHFRPSDULVRQWHVW





3.1 Identification of bioturbating key species 
 RXW RI WKH  WD[D FRQVLGHUHG DFFRXQWHG IRU  RI WKH RYHUDOO ELRWXUEDWLRQ
SRWHQWLDO LQ WKH *HUPDQ %LJKW 7DE  2QO\  IXOILOOHG WKH FULWHULRQ IRU VSDWLDO
LPSRUWDQFHI)LJDQG)LJ































































































)LJ  %LRWXUEDWLRQ SRWHQWLDO %3F DQG %3L RI $ Nephtys VS % Branchiostoma lanceolatum &




$PRQJ WKHVH  VSHFLHV 7DE  %3L ZDV OLNHO\ RYHUHVWLPDWHG LQ B. lanceolatum
Nephtys VS DQG Phoronis VS. VHH GLVFXVVLRQ +HQFH RQO\ Amphiura filiformis, 
Echinocardium cordatumDQG Nucula nitidosaWKDWUHSUHVHQWDFRPELQHGVKDUHRI
RIWKHWRWDO%3FPHWDOOWKUHHFULWHULDWREHFRQVLGHUHGDNH\ELRWXUEDWRUDQGZHUHWKXV
VHOHFWHG IRU WKH ELRWXUEDWLRQ DQG ELRLUULJDWLRQ H[SHULPHQWV 7KH SRO\FKDHWH
Spiophane  bombyxZDVQRWFRQVLGHUHGIRUWKHH[SHULPHQWVDOWKRXJKHTXDOO\UDQNHGDV








































































































Amphiura filiformis     
Echinocardium cordatum     
Nephtys VS     RYHUHVWLPDWHG
Branchiostoma lanceolatum     RYHUHVWLPDWHG
Spiophanes bombyx     
Nucula nitidosa     
Phoronis VS     RYHUHVWLPDWHG
Corbula gibba     
Magelona VS     
Corystes cassivelaunus     
Callianassa subterranea     
Lanice conchilega     
Tellina fabula     
Ophiura albida     

















3.2 Sediment reworking and oxygenation depth 
8QGHUWKHH[SHULPHQWDOVHWWLQJVWKHELRWXUEDWLRQSRWHQWLDOH[S%3LGLIIHUHGVLJQLILFDQWO\
EHWZHHQ WKH WKUHH VSHFLHV RQHZD\ $129$ )    S   7KH PHDQ
H[S%3L VFRUHRIE. cordatumZDVPRUH WKDQVHYHQW\ WLPHVKLJKHU WKDQ WKHPHDQH[S%3L
VFRUHVRIA. filiformisDQGN. nitidosa)LJH[S%3LVFRUHVZHUHWLPHVKLJKHUIRU
A. filiformisWKDQIRUN. nitidosa









)LJ  %LRWXUEDWLRQ SRWHQWLDO H[S%3L RI Amphiura filiformis Echinocardium cordatum DQG Nucula 
nitidosa XQGHU WKH H[SHULPHQWDO FRQGLWLRQV %R[HV UHSUHVHQW ORZHU DQG XSSHU TXDUWLOHV OLQHV LQGLFDWH
PHGLDQ DQGZKLVNHUV VKRZPLQLPD DQGPD[LPD H[S%3L YDULHG VLJQLILFDQWO\ EHWZHHQDOO VSHFLHV DW S
/RJDULWKPLFRUGLQDWHZDVFKRVHQIRUDQRSWLPDOUHSUHVHQWDWLRQRIWKHODUJHGLIIHUHQFHVEHWZHHQWKH














%LRWXUEDWLRQ UDWH 'E :HOFK¶V WWHVW )    S    )LJ D PD[LPDO
OXPLQRSKRUHGLVWULEXWLRQ/XPPD[:HOFK¶VWWHVW) S )LJFDQG
PHDQ OXPLQRSKRUHGLVWULEXWLRQ /XPPHDQ:HOFK¶V WWHVW) S )LJ
G ZHUH VLJQLILFDQWO\ HQKDQFHG E\N. nitidosa DV FRPSDUHG WR WKH FRQWUROV ZLWKRXW
































































)LJ$%LRWXUEDWLRQ UDWH Db%QRQORFDOLW\ LQGH[ 1/,&PD[LPDOYHUWLFDO OXPLQRSKRUHGHSWK
/XPPD[ DQG ' PHDQ YHUWLFDO OXPLQRSKRUH GLVWULEXWLRQ /XPPHDQ LQ Amphiura filiformis
Echinocardium cordatum DQG Nucula nitidosa H[SHULPHQWDO FRUHV GDUN JUH\ DQG LQ WKH UHVSHFWLYH










3.3 Bioirrigation and nutrient flux  
2QO\E. cordatumVLJQLILFDQWO\HQKDQFHGWKHIOX[RIEURPLGH¨>%U@LQWRWKHVHGLPHQW


































)LJ  $ %LRLUULJDWLRQ DFWLYLW\ ¨%U DQG % VHGLPHQW R[\JHQDWLRQ GHSWK LQ Amphiura filiformis
Echinocardium cordatum DQGN. nitidosa H[SHULPHQWDO FRUHV GDUNJUH\DQG LQ WKH UHVSHFWLYHFRQWUROV
ZLWKRXW DQLPDOV OLJKWJUH\KDWFKHG%R[HV UHSUHVHQW ORZHU DQGXSSHUTXDUWLOHV OLQHV LQGLFDWHPHGLDQ




















:HOFK¶V WHVW) S )LJFDQGQLWULWH:HOFK¶V WHVW) 



















































































DO  $SDUW IURP A. filiformis DQG E. cordatum RQO\ Nucula nitidosa ZDV
FRQVLGHUHG D NH\ ELRWXUEDWRU LQ WKLV VWXG\ 7KLV ELYDOYH LV DEOH WR PRYH VHYHUDO
FHQWLPHWUHV SHU GD\ EHQHDWK WKH VHGLPHQW VXUIDFH WKHUHE\ HIILFLHQWO\ UHZRUNLQJ WKH
VHGLPHQW 5DFKRU  2WKHU WRS UDQNLQJ VSHFLHV LQ SDUWLFXODU
Branchiostoma lanceolatum, Nephtys VS DQG Phoronis VS ZHUH QRW FRQVLGHUHG NH\
ELRWXUEDWRUV DV OLWHUDWXUH SURYLGHG HYLGHQFH WKDW %3L RYHUHVWLPDWHG WKH HIIHFWV RI WKH
VSHFLHV RQ VHGLPHQW WXUQRYHU DQG ELRJHRFKHPLFDO F\FOLQJ )RU H[DPSOH ORZ
ELRWXUEDWLRQDFWLYLW\ZDVUHSRUWHGIRUPhoronisVSDQGNephtys VS%UDHFNPDQHWDO
 (PLJ  /LQGTYLVW HW DO  ZKHUHDV B. lanceolatum LV UHVWULFWHG WR
SHUPHDEOH VHGLPHQWV LQ ZKLFK SRUH ZDWHU WUDQVSRUW RYHUUXOHV WKH HIIHFW RI WKH
ELRWXUEDWLQJIDXQD%UDHFNPDQHWDO&RXUWQH\DQG:HEE.ULVWHQVHQDQG
.RVWND .ULVWHQVHQDQG+DQVHQ8QIRUWXQDWHO\ OLWHUDWXUH LQIRUPDWLRQRQ
WKHVH VSHFLHVZDV DSDUW IURP WKH FLWHG VWXGLHV VFDUFH)XUWKHU LPSRUWDQW ELRWXUEDWRUV
PLJKW KDYH UHPDLQHG XQGHWHFWHG EHFDXVH RI WKH XQHYHQ GLVWULEXWLRQ RI WKH VDPSOLQJ
VWDWLRQVFRQVLGHUHGLQRXUDQDO\VLV$FRQVSLFXRXVKLJKGHQVLW\FOXVWHURIVWDWLRQVLQWKH
ZHVWHUQ SDUW RI WKH *HUPDQ %LJKW PD\ KDYH OHG WR DQ RYHUHVWLPDWLRQ RI WKH VSDWLDO




4.2 Bioturbation and biogeochemical cycling 
8QGHU WKH VHWWLQJV RI WKLV H[SHULPHQW N. nitidosa GLVSOD\HG D KLJKHU ELRWXUEDWLRQ
DFWLYLW\ WKDQ A. filiformis DQG E. cordatum 7KH VPDOO ELYDOYH FDXVHG D WKRURXJK
GLIIXVLYH PL[LQJ RI WKH XSSHU  FP RI WKH VHGLPHQW UHGLVWULEXWHG SDUWLFOHV DQG
VXEVWDQWLDOO\HQKDQFHGWKHR[\JHQDWLRQGHSWK7KHUHZRUNLQJRIWKHVHGLPHQWZDVOLNHO\




D FRQVHTXHQFH RI WKH IRUDJLQJ DFWLYLW\ RIN. nitidosa $V D KLJKO\ VHOHFWLYH GHSRVLW
IHHGHU ZLWK RQO\ OLWWOH DELOLW\ IRU VXVSHQVLRQ IHHGLQJ 'DYLV DQG :LOVRQ 
N  nitidosa PD\ FUHHS DQG GLJ YHU\ DFWLYHO\ VHYHUDO FHQWLPHWUHV SHU GD\ EHQHDWK WKH
VHGLPHQWVXUIDFHLQVHDUFKRIIRRG7KHUHE\LWFUHDWHVWUHQFKOLNHEXUURZVLQWKHXSSHU
VHGLPHQW OD\HUV WKDW DUH R[\JHQDWHG E\ WKH UHVSLUDWRU\ FXUUHQWV 5DFKRU  7KH
ELYDOYH WKXV LQFUHDVHV WKHR[\JHQDWLRQGHSWKEXWGXH WR LWV VKDOORZEXULDOGHSWKDQG
LUULJDWLRQUDWHVWRRORZIRUGHWHFWLRQLWGRHVQRWKDYHDVWURQJLPSDFWRQELRJHRFKHPLFDO
F\FOLQJ¨>1+@¨>12@¨>12@¨>6L2@
6XUSULVLQJO\ ERWK A. filiformis DQG E. cordatum VKRZHG QR VLJQLILFDQW SDUWLFOH
UHZRUNLQJ DFWLYLW\ DOWKRXJK ERWK VSHFLHV KDG KLJKHU H[SHULPHQWDO ELRWXUEDWLRQ
SRWHQWLDOV H[S%3L WKDQ N. nitidosa DQG KDYH UHSHDWHGO\ EHHQ UHSRUWHG WR EH DFWLYH
ELRWXUEDWRUV/RKUHUHWDO/RKUHUHWDO0XUUD\HWDO2
5HLOO\HWDO
 6RODQ DQG .HQQHG\  9RSHO HW DO  7KH VHD XUFKLQ E. cordatum





A. filiformis 7KH EULWWOH VWDU A. filiformis UHDGLO\ GLVFDUGV DUPV ZKHQ PHFKDQLFDOO\
VWLPXODWHG HJZKHQ IDFLQJ VWURQJ VXEOHWKDO SUHGDWLRQ %LUHVVL HW DO 'XSRQW
DQG 7KRUQG\NH  6N|OG DQG 5RVHQEHUJ  RU URXJK VDPSOLQJ SURFHGXUHV
$OWKRXJKWKHVSHFLPHQVRIA. filiformisZHUHVDPSOHGYHU\FDUHIXOO\LWZDVQRWSRVVLEOH
WR REWDLQ LQGLYLGXDOV ZLWKRXW DQ\ VLJQ RI DUP ORVV DQG UHJHQHUDWLRQ ,Q QDWXUDO
SRSXODWLRQV WRRI WKH LQGLYLGXDOV VKRZVLJQVRI UHJHQHUDWLRQ %RZPHUDQG
.HHJDQ%XFKDQDQ%RZPHUDQG.HHJDQUHSRUWHGDQDYHUDJHRI
UHJHQHUDWLQJDUPVRXWRIDUPV2QO\VSHFLPHQVZLWKDWOHDVWWKUHHZKROO\IXQFWLRQDO
DUPV ZHUH VHOHFWHG IRU WKH H[SHULPHQWV $FFRUGLQJO\ WKH VSHFLPHQV XVHG IRU WKLV
H[SHULPHQWZHUHLQDEHWWHUVWDWXVWKDQVRPHQDWXUDOSRSXODWLRQV
%LRWXUEDWLRQ DQG LUULJDWLRQ E\A. filiformis LVPDLQO\ WKH UHVXOW RI DUPXQGXODWLRQ IRU
IHHGLQJSXUSRVHV:RRGHWDO7KHEULWWOHVWDUKRZHYHUUHWUDFWVGDPDJHGDUPV
EHORZ WKH VHGLPHQW VXUIDFH 0DNUD DQG .HHJDQ  DQG LQYHVWV HQHUJ\ LQ WKHLU
UHJHQHUDWLRQ'XSRQWDQG7KRUQG\NH)LHOPDQHWDOOLNHO\DWWKHH[SHQVH
RI ELRWXUEDWLRQ DFWLYLW\ $FFRUGLQJO\ KLJK VXEOHWKDO SUHGDWLRQ SUREDEO\ DIIHFWV






E\ %3FPDSSLQJ DQGZKHWKHU %3F LV DQ DSSURSULDWH WRRO WR TXDQWLI\ WKH ELRWXUEDWLRQ
DFWLYLW\RIDOOEHQWKLFPDFURIDXQD
4XHLUyVHWDO VKRZHG WKDW%3FFDQRQO\SUHGLFWELRWXUEDWLRQGLVWDQFH DYHUDJH
GLVWDQFHWUDYHOOHGE\VHGLPHQWSDUWLFOHVEXWQRRWKHUDWWULEXWHVRIVHGLPHQWUHZRUNLQJ
HJ ELRWXUEDWLRQ UDWH RU GHSWK 7KH LQGH[ %3F LV KRZHYHU FRUUHODWHG ZLWK VRPH
ELRJHRFKHPLFDO SURFHVVHV VXFK DV DPPRQLXP HIIOX[ IURP WKH VHGLPHQW DQG
GHQLWULILFDWLRQ %UDHFNPDQ HW DO $OWKRXJK FDOFXODWHG IURP WUDLWV WKDW GHVFULEH
VHGLPHQW UHZRUNLQJ EHKDYLRXU %3FPLJKW WKXV EH D EHWWHU SUHGLFWRU RI ELRLUULJDWLRQ
DFWLYLW\DQGELRJHRFKHPLFDOF\FOLQJWKDQRIVHGLPHQWWXUQRYHU
7KLVLVVXSSRUWHGE\WKHKLJKH[S%3LVFRUHVRIE. cordatumWKDWZHUHLQDJUHHPHQWZLWK
LWV VWURQJ ELRLUULJDWLRQ DFWLYLW\ ¨>%U@ WKDW OLNHO\ LQFUHDVHG WKH IOX[ RI DPPRQLXP
¨>1+@ QLWUDWH ¨>12@ QLWULWH ¨>12@ DQG VLOLFDWH ¨>6L2@ LQWR WKH ZDWHU
FROXPQ ,Q WKH QDWXUDO HQYLURQPHQW KRZHYHU DOVR KLJK ELRWXUEDWLRQ UDWHV  LQ
DFFRUGDQFH ZLWK WKH KLJK H[S%3L VFRUHV  PD\ EH H[SHFWHG RI E. cordatum. ,WV
ELRWXUEDWLRQ DFWLYLW\ ZDV OLNHO\ XQGHUHVWLPDWHG LQ WKLV H[SHULPHQW EHFDXVH RI VSDWLDO
UHVWULFWLRQVLQWKHVPDOOLQFXEDWLRQFKDPEHUVDQGWKHVXUILFLDOOXPLQRSKRUHDSSOLFDWLRQ
*LOEHUW HW DO  VKRZHG ZLWK D VLPLODU H[SHULPHQWDO VHWXS LQFOXGLQJ QRW RQO\
VXUIDFHEXWDOVRGHHSOXPLQRSKRUHVLHDOD\HURIOXPLQRSKRUHVSODFHGFPEHORZWKH
VHGLPHQWVXUIDFHWKDWE. cordatumUHDGLO\PRYHVDWWKHVXUIDFHDQGWUDQVSRUWVVXUIDFH
SDUWLFOHV LQWR GHHSHU VHGLPHQW OD\HUV )ROORZLQJ WKHVH UHVXOWV RQO\ D VXUILFLDO
OXPLQRSKRUH DSSOLFDWLRQ ZDV FKRVHQ IRU WKLV H[SHULPHQW 6XUILFLDO OXPLQRSKRUH
DSSOLFDWLRQDORQHKRZHYHUDSSDUHQWO\FDQQRWFDSWXUHWKHZKROHVFRSHRIEcordatum¶V
UHZRUNLQJ DFWLYLW\ DV WKH VHD XUFKLQ PD\ EXUURZ WR D GHSWK RI DERXW  FP QRW
QHFHVVDULO\PL[LQJ WKH VXUIDFH OD\HUV )LVK DQG )LVK 0RUWHQVHQ  ,Q WKH
H[SHULPHQWVRIWKHSUHVHQWVWXG\E. cordatumZDVREVHUYHGWREXUURZDOZD\VEHQHDWK
WKH VXUIDFH DW D GHSWK RI DSSUR[  FP %XUURZ GHSWK LQ E. cordatum PD\ FKDQJH
DFFRUGLQJ WR HQYLURQPHQWDO IDFWRUV VXFK DV VHGLPHQW W\SH DQG WHPSHUDWXUH EXW DOVR
ZLWKLQ D SRSXODWLRQ DFFRUGLQJ WR ERG\ VL]H RU LQGLYLGXDO SUHIHUHQFHV %HUJPDQ DQG
+XS  %HXNHPD  %XFKDQDQ  )RVWHU6PLWK  $FFRUGLQJO\ WKH
DSSOLFDWLRQRIERWKVXUIDFHDQGGHHSOXPLQRSKRUHV*LOEHUWHWDOZRXOGEHDPRUH
DSSURSULDWHDSSURDFKWRTXDQWLI\ELRWXUEDWLRQLQE. cordatum




1HYHUWKHOHVV WKH VWURQJ HIIHFW RI E. cordatum RQ QXWULHQW IOX[ VXJJHVWV WKDW
ELRJHRFKHPLFDOF\FOLQJGHSHQGVPRUHRQELRLUULJDWLRQWKDQRQELRWXUEDWLRQ0HUPLOORG
%ORQGLQ HW DO  %UDHFNPDQ HW DO  $FFRUGLQJ WR )RVWHU6PLWK 
E . cordatum LUULJDWHV DQG R[\JHQDWHV ODUJH YROXPHV RI VHGLPHQW WKHUHE\ VWLPXODWLQJ
PLFURELDOPLQHUDOL]DWLRQJHQHUDWLRQRIDPPRQLXPDQGQLWULILFDWLRQ%UDHFNPDQHWDO
/DYHURFNHW DO ([FUHWLRQE\ WKHXUFKLQ OLNHO\HQKDQFHV WKH DPPRQLXP
HIIOX[ IURP WKH VHGLPHQW /RKUHU HW DO  $PPRQLXP LV WKH PDMRU VRXUFH RI
LQRUJDQLF QLWURJHQ IRU PDULQH SULPDU\ SURGXFHUV $FFRUGLQJO\ LUULJDWLRQ DFWLYLW\ E\
E. cordatumOLNHO\VXSSRUWVPDULQHSULPDU\SURGXFWLRQ/RKUHUHWDO
7KHVWURQJELRLUULJDWLRQDFWLYLW\RIE. cordatumDOVRHQKDQFHGWKHUHOHDVHRIVLOLFDIURP
WKH VHGLPHQW 7KH R[\JHQDWLRQ RI WKH VHGLPHQW OLNHO\ SURPRWHG WKH GLVVROXWLRQ RI
DPRUSKRXVVLOLFD6L2ZKLOHIOXVKLQJRIWKHEXUURZHQKDQFHGWKHIOX[RIVLOLFDRXWRI
WKHVHGLPHQW5DLPRQHWHWDO7KHVLOLFDHIIOX[FUHDWHGE\E. cordatumZDVKLJK
LQ FRPSDULVRQ WR RWKHU VSHFLHV VXFK DV WKH SRO\FKDHWHV Abrenicola pacifica DQG
Eupolymnia heterobranchia 0DULQHOOL   0XUUD\ HW DO  $V E. 
cordatum LV ZLGHO\ GLVWULEXWHG LQ WKH *HUPDQ %LJKW WKH VSHFLHV OLNHO\ SOD\V DQ
LPSRUWDQWUROHLQWKHOLEHUDWLRQRIDPRUSKRXVVLOLFDIURPWKHVHGLPHQW6LOLFDWHLVPDLQO\
FRQVXPHGE\GLDWRPVZKLFKVWURQJO\FRQWULEXWH WRSULPDU\SURGXFWLRQ LQ WKH*HUPDQ
%LJKW&DGpHDQG+HJHPDQ5RXVVHDXHWDO
1XWULHQW IOX[HV OLNHO\ KDYH DOVR EHHQ LQIOXHQFHG LQGHSHQGHQWO\ RI WKH SUHVHQFH RI
PDFURIDXQDE\WKHGLIIHUHQWVHGLPHQWFKDUDFWHULVWLFVHJKLJKHUǻ>12@YDOXHVLQWKH
FRQWURO FKDPEHUV RIN. nitidosa FRPSDUHG WR WKH FRQWURO FKDPEHUV RI WKH RWKHU WZR














WKH ELRJHRFKHPLFDO F\FOLQJ RI WKH *HUPDQ %LJKW *LYHQ WKH ZLGH GLVWULEXWLRQ RI E. 
cordatumRQDJUHDWYDULHW\RIVHGLPHQWVDQGLWVVWURQJELRLUULJDWLYHDFWLYLW\WKHVSHFLHV
PD\VXEVWDQWLDOO\FRQWULEXWHWREHQWKLFELRJHRFKHPLFDOF\FOLQJWKHUHE\HQKDQFLQJWKH
DYDLODELOLW\ RI QXWULHQWV IRU SULPDU\ SURGXFWLRQ LQ WKH*HUPDQ%LJKW&DOFXODWLRQ DQG
PDSSLQJ RI ELRWXUEDWLRQ SRWHQWLDO H[S%3L %3L DQG %3F KRZHYHU SURRIHG WR EH DQ
DPELJXRXV WRRO LQ LGHQWLI\LQJ NH\ ELRWXUEDWRUV:KLOH LW ZDV LPSUHFLVH LQ SUHGLFWLQJ
DFWXDOELRWXUEDWLRQUDWHVDJUHHPHQWEHWZHHQH[S%3LDQGWKHELRLUULJDWLRQDFWLYLW\RIWKH
WKUHHVSHFLHVDVZHOODVWKHLULQIOXHQFHRQWKHQXWULHQWIOX[HVVXJJHVWVWKDW%3LDQG%3F
PD\ EH XVHIXO SUR[LHV IRU ELRJHRFKHPLFDO F\FOLQJ 7KH UHVXOWV RI WKLV VWXG\ FOHDUO\












%UDFN 7 5RPDQRYD DQG 3 .DGHO IRU WKHLU VXSSRUW GXULQJ DQLPDO FROOHFWLRQ DQG









$OOHU 5&  7KH HIIHFWV RI PDFUREHQWKRV RQ FKHPLFDO SURSHUWLHV RI PDULQH
VHGLPHQW DQG RYHUO\LQJ ZDWHU ,Q 0F &DOO 3/ 7HYHV] 0-6 (GV $QLPDO
VHGLPHQWUHODWLRQV3OHQXP3UHVV1HZ<RUN




%HXNHPD - *URZWKDQGG\QDPLFV LQSRSXODWLRQVRIEchinocardium cordatum
OLYLQJLQWKH1RUWK6HDRIIWKH'XWFKQRUWKFRDVW1HWK-6HD5HV
%LUFKHQRXJK 615 3DUNHU 5( 0F0DQXV ( %DUU\ -  &RPELQLQJ
ELRWXUEDWLRQ DQG UHGR[ PHWULFV SRWHQWLDO WRROV IRU DVVHVVLQJ VHDEHG IXQFWLRQ (FRO
,QGLF
%LUHVVL $&0 =RX 7 'XSRQW 6 'DKOEHUJ & 'L %HQHGHWWR & %RQDVRUR )
7KRUQG\NH 0 &DUQHYDOL 0'&  :RXQG KHDOLQJ DQG DUP UHJHQHUDWLRQ LQ
Ophioderma longicaudum DQG Amphiura filiformis 2SKLXURLGHD (FKLQRGHUPDWD
FRPSDUDWLYHPRUSKRJHQHVLVDQGKLVWRJHQHVLV=RRPRUSKRORJ\
%ODFNEXUQ 7  %HQWKLF PLQHUDOL]DWLRQ DQG EDFWHULDO SURGXFWLRQ ,Q %ODFNEXUQ
7+ 6UHQVHQ - (GV 1LWURJHQ F\FOLQJ LQ FRDVWDO PDULQH HQYLURQPHQWV 6&23(
:LOH\DQG6RQV/WG&KLFKHVWHU
%RZPHU 7 .HHJDQ %  )LHOG VXUYH\ RI WKH RFFXUUHQFH DQG VLJQLILFDQFH RI





%UDHFNPDQ 8 3URYRRVW 3 *ULEVKROW % 9DQ *DQVEHNH ' 0LGGHOEXUJ --
6RHWDHUW . 9LQF[0 9DQDYHUEHNH -  5ROH RIPDFURIDXQD IXQFWLRQDO WUDLWV






%XFKDQDQ -%  $ FRPSDUDWLYH VWXG\ RI VRPH IHDWXUHV RI WKH ELRORJ\ RI
Amphiura filiformisDQGAmphiura chiajei>2SKLXURLGHD@FRQVLGHUHGLQUHODWLRQWRWKHLU
GLVWULEXWLRQ-0DU%LRO$VVRF8.





LQPDFUREHQWKLFDVVHPEODJHV LQDQRIIVKRUHZLQGIDUPDUHD LQ WKH%HOJLDQSDUWRI WKH
1RUWK6HD0DU(QYLURQ5HV












)LHOPDQ. 6WDQF\N 6'REVRQ:&OHPHQWV /-  (IIHFWV RI GLVF DQG DUP
ORVV RQ UHJHQHUDWLRQ E\Microphiopholis gracillima (FKLQRGHUPDWD 2SKLXURLGHD LQ
QXWULHQWIUHHVHDZDWHU0DU%LRO




)LVK -' )LVK 6  $ VWXGHQW










0 )UDQoRLV&DUFDLOOHW ) 0LFKDXG ( 6WRUD *  6HGLPHQW UHZRUNLQJ E\
PDULQHEHQWKLFVSHFLHVIURPWKH*XOOPDU)MRUGZHVWHUQ6ZHGHQLPSRUWDQFHRIIDXQDO
ELRYROXPH-([S0DU%LRO(FRO
*LOEHUW )+XOWK 6 6WURPEHUJ1 5LQJGDKO. 3RJJLDOH -&  ' RSWLFDO
TXDQWLILFDWLRQRISDUWLFOHUHZRUNLQJDFWLYLWLHVLQPDULQHVXUIDFHVHGLPHQWV-([S0DU
%LRO(FRO
*UDQW - 'DERUQ *  7KH HIIHFWV RI ELRWXUEDWLRQ RQ VHGLPHQW WUDQVSRUW RQ DQ
LQWHUWLGDOPXGIODW1HWK-6HD5HV
+DOH 5 0DYURJRUGDWR 01 7ROKXUVW 7- 6RODQ 0  &KDUDFWHUL]DWLRQV RI
KRZ VSHFLHV PHGLDWH HFRV\VWHP SURSHUWLHV UHTXLUH PRUH FRPSUHKHQVLYH IXQFWLRQDO
HIIHFWGHVFULSWRUV6FL5HS
-RQHV &* /DZWRQ -+ 6KDFKDN 0  2UJDQLVPV DV HFRV\VWHP HQJLQHHUV
2LNRV
.RVWND -( (GV ,QWHUDFWLRQV EHWZHHQ PDFUR DQG PLFURRUJDQLVPV LQ PDULQH
VHGLPHQWV$PHULFDQ*HRSK\VLFDO8QLRQ:DVKLQJWRQ'&
.ULVWHQVHQ(2UJDQLFPDWWHUGLDJHQHVLVDW WKHR[LFDQR[LF LQWHUIDFH LQFRDVWDO
PDULQHVHGLPHQWVZLWKHPSKDVLVRQWKHUROHRIEXUURZLQJDQLPDOV+\GURELRORJLD





.ULVWHQVHQ ( .RVWND -(  0DFURIDXQDO EXUURZV DQG LUULJDWLRQ LQ PDULQH
VHGLPHQWPLFURELRORJLFDODQGELRJHRFKHPLFDOLQWHUDFWLRQV,Q.ULVWHQVHQ(+55
.ULVWHQVHQ ( 3HQKD/RSHV * 'HOHIRVVH 0 9DOGHPDUVHQ 7 4XLQWDQD &2
%DQWD*7:KDWLVELRWXUEDWLRQ"7KHQHHGIRUDSUHFLVHGHILQLWLRQIRUIDXQDLQ
DTXDWLFVFLHQFHV0DU(FRO3URJ6HU











/RKUHU $0 7KUXVK 6) *LEEV 00  %LRWXUEDWRUV HQKDQFH HFRV\VWHP
IXQFWLRQWKURXJKFRPSOH[ELRJHRFKHPLFDOLQWHUDFWLRQV1DWXUH
/RKUHU $0 7KUXVK 6) +XQW / +DQFRFN 1 /XQGTXLVW &  5DSLG
UHZRUNLQJ RI VXEWLGDO VHGLPHQWV E\ EXUURZLQJ VSDWDQJRLG XUFKLQV - ([S0DU%LRO
(FRO
0DLUH2/HFURDUW30H\VPDQ)5RVHQEHUJ5'XFKHQH-&*UHPDUH$
4XDQWLILFDWLRQ RI VHGLPHQW UHZRUNLQJ UDWHV LQ ELRWXUEDWLRQ UHVHDUFK D UHYLHZ$TXDW
%LRO
0DNUD $ .HHJDQ %)  $UP UHJHQHUDWLRQ LQ Acrocnida brachiata
2SKLXURLGHDDW/LWWOH.LOODU\ZHVWFRDVWRI,UHODQG%LRO(QYLURQ%
0DULQHOOL 5/  (IIHFWV RI SRO\FKDHWHV RQ VLOLFDWH G\QDPLFV DQG IOX[HV LQ
VHGLPHQWV LPSRUWDQFH RI VSHFLHV DQLPDO DFWLYLW\ DQG SRO\FKDHWH HIIHFWV RQ EHQWKLF
GLDWRPV-0DU5HV









0HUPLOORG%ORQGLQ ) )UDQFRLV&DUFDLOOHW ) 5RVHQEHUJ 5  %LRGLYHUVLW\ RI
EHQWKLF LQYHUWHEUDWHV DQG RUJDQLFPDWWHU SURFHVVLQJ LQ VKDOORZPDULQH VHGLPHQWV DQ
H[SHULPHQWDOVWXG\-([S0DU%LRO(FRO
0HUPLOORG%ORQGLQ ) 5RVHQEHUJ 5 )UDQoRLV&DUFDLOOHW ) 1RUOLQJ.0DXODLUH
/  ,QIOXHQFH RI ELRWXUEDWLRQ E\ WKUHH EHQWKLF LQIDXQDO VSHFLHV RQ PLFURELDO
FRPPXQLWLHVDQGELRJHRFKHPLFDOSURFHVVHVLQPDULQHVHGLPHQW$TXDW0LFURE(FRO

0H\VPDQ )- 0LGGHOEXUJ -- +HLS &+  %LRWXUEDWLRQ D IUHVK ORRN DW
'DUZLQ
VODVWLGHD7UHQGV(FRO(YRO
0RUWHQVHQ 7  +DQGERRN RI WKH HFKLQRGHUPV RI WKH %ULWLVK ,VOHV 2[IRUG
8QLYHUVLW\3UHVV/RQGRQ
0XUUD\ ) :LGGLFRPEH 6 0F1HLOO &/ 6RODQ 0  &RQVHTXHQFHV RI D







5DPLUH] $ 5HLVV + 6RODQ 0 6RPHUILHOG 3- 9DQ &ROHQ & 9DQ +RH\ *
















0 0pPHU\ /  6SDWLRWHPSRUDO YDULDELOLW\ LQ EHQWKLF VLOLFD F\FOLQJ LQ WZR
PDFURWLGDOHVWXDULHVFDXVHVDQGFRQVHTXHQFHVIRUORFDOWRJOREDOVWXGLHV(VWXDU&RDVW
6KHOI6








6N|OG 0 5RVHQEHUJ 5  $UP UHJHQHUDWLRQ IUHTXHQF\ LQ HLJKW VSHFLHV RI
2SKLXURLGHD(FKLQRGHUPDWDIURP(XURSHDQVHDDUHDV-6HD5HV
6RODQ 0 &DUGLQDOH %- 'RZQLQJ $/ (QJHOKDUGW .$0 5XHVLQN -/
6ULYDVWDYD '6  ([WLQFWLRQ DQG HFRV\VWHP IXQFWLRQ LQ WKH PDULQH EHQWKRV
6FLHQFH
6RODQ 0 .HQQHG\ 5  2EVHUYDWLRQ DQG TXDQWLILFDWLRQ RI LQ VLWX DQLPDO
VHGLPHQWUHODWLRQVXVLQJWLPHODSVHVHGLPHQWSURILOH LPDJHU\W63,0DU(FRO3URJ
6HU
7LOOLQ++LGGLQN - -HQQLQJV6.DLVHU0 &KURQLFERWWRP WUDZOLQJ DOWHUV
WKH IXQFWLRQDO FRPSRVLWLRQ RI EHQWKLF LQYHUWHEUDWH FRPPXQLWLHV RQ D VHDEDVLQ VFDOH
0DU(FRO3URJ6HU





$PSKLXULGDH (FKLQRGHUPDWD RQ R[\JHQ IOX[ LQWR WKH VHGLPHQW /LPQRO 2FHDQRJU

:DOGEXVVHU**0DULQHOOL5/:KLWODWFK5%9LVVFKHU377KHHIIHFWVRI
LQIDXQDO ELRGLYHUVLW\ RQ ELRJHRFKHPLVWU\ RI FRDVWDO PDULQH VHGLPHQWV /LPQRO
2FHDQRJU
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DSSOLFDEOH LQGLFHV WR HIIHFWLYHO\ SUHGLFW KXPDQ PHGLDWHG FKDQJHV LQ HFRV\VWHP
IXQFWLRQLQJ+HUHZHSURSRVH D QRYHO ELRLUULJDWLRQ LQGH[ ,3F WKDW LV EDVHGRQERG\
PDVV DEXQGDQFH EXUURZ W\SH IHHGLQJ W\SH DQG LQMHFWLRQ SRFNHW GHSWK RI ERWWRP
GZHOOLQJ DQLPDOV 5HVXOWV IURP ERWK FRPPXQLW\ DQG VLQJOHVSHFLHV H[SHULPHQWDO
LQFXEDWLRQVLQGLFDWHWKDW,3FLVDEOHWRSUHGLFWWKHELRLUULJDWLRQUDWHLQGLIIHUHQWVHGLPHQW
W\SHVPXGILQHVDQGVDQG7KHWUDLWEDVHGLQGH[WKXVGHPRQVWUDWHVUREXVWQHVVLQWKH
SUHGLFWLRQ RI DQLPDOPHGLDWHG IXQFWLRQDO SURFHVVHV WKDW VXSSRUW ELRJHRFKHPLFDO
IXQFWLRQVXQGHUYDULDEOHDELRWLFDQGELRWLFFRQGLWLRQV$FFRUGLQJO\ZHDUJXHWKDWWUDLW












WRPDQ\HFRV\VWHP IXQFWLRQV DQGDVVRFLDWHG VHUYLFHV 1DHHPHW DO  ,QPDULQH
V\VWHPVULVLQJZDWHUWHPSHUDWXUHVILVKHULHVFRQVWUXFWLRQRIRIIVKRUHLQVWDOODWLRQVDQG
XQGHUZDWHU QRLVH SURJUHVVLYHO\ FKDQJH WKH VWUXFWXUH RI EHQWKLFFRPPXQLWLHV DQGKRZ
EHQWKLF RUJDQLVPV LQIOXHQFH HFRV\VWHP IXQFWLRQLQJ HJ ELRJHRFKHPLFDO F\FOLQJ
VHGLPHQW PL[LQJ &RDWHV HW DO  6RODQ HW DO  7LOOLQ HW DO 
$FFRUGLQJO\HDVLO\DSSOLFDEOHGHVFULSWRUVRINH\HFRV\VWHPIXQFWLRQVKDYHEHFRPHRI
JUHDW LPSRUWDQFH IRU ERWK SROLF\ DQG VFLHQFH )RU H[DPSOH GHVFULSWRU  6HD)ORRU
,QWHJULW\ RI WKH(80DULQH 6WUDWHJ\ )UDPHZRUN'LUHFWLYH 06)' VSHFLILFDOO\ FDOOV
IRU PXOWLPHWULF LQGLFHV WR DVVHVV EHQWKLF FRPPXQLW\ FRQGLWLRQ DQG IXQFWLRQDOLW\
(XURSHDQ 8QLRQ  ZKLOH WKH 0LOOHQQLXP (FRV\VWHP $VVHVVPHQW 'XUDLDSSDK
XQGHUOLQHVWKHXUJHQWQHHGIRUDEURDGHUVHWRIGLYHUVLW\ LQGLFDWRUVDOLJQHGZLWK
YDOXHGIXQFWLRQV7D[RQRPLFLGHQWLW\DEXQGDQFHRUELRPDVVRIVSHFLHVDORQHKDYHOLWWOH
SRZHU LQ H[SODLQLQJ HFRV\VWHP SURFHVVHV HJ SROOLQDWLRQ ELRWXUEDWLRQ ELRFRQWURO RI
SHVWV DV WKHVH SURFHVVHV DUH GHWHUPLQHG E\ WKH IXQFWLRQDO FKDUDFWHULVWLFV LH WKH
HFRORJLFDOHIIHFWWUDLWVRIWKHRUJDQLVPVLQYROYHG'ÕғD]DQG&DELGR*DJLFHWDO
 5HFHQWO\ WUDLWEDVHG PRGHOV SURYHG WKHLU SRWHQWLDO WR RXWSHUIRUP FRPPRQ
HFRV\VWHPPRGHOV LQ WKHTXDQWLWDWLYHSUHGLFWLRQRIHFRV\VWHP IXQFWLRQLQJ *KLPLUHHW
DO  =ZDUW HW DO  ,QGLFHV EDVHG RQ IXQFWLRQDO WUDLWV PD\ WKXV EH D
SURPLVLQJWRROWRPHHWWKHVRFLHWDODQGSROLWLFDOGHPDQGV
.H\ VHUYLFHV VXFK DV ELRJHRFKHPLFDO F\FOLQJ UHPLQHUDOL]DWLRQ VRLO IRUPDWLRQ VRLO
IHUWLOLW\ R[\JHQ DQG ZDWHU UHJXODWLRQ DUH VWURQJO\ LQIOXHQFHG E\ WKH UHZRUNLQJ DQG
LUULJDWLQJ LH YHQWLODWLRQ DQG EXUURZ IOXVKLQJ DFWLYLWLHV RI LQYHUWHEUDWHVZLWKLQ ERWK
WHUUHVWULDO DQG DTXDWLF VHGLPHQW RU VRLO GH%HOOR HW DO .ULVWHQVHQ HW DO 
9DOHQoD HW DO :LONLQVRQ HW DO (VSHFLDOO\ LQ VKDOORZPDULQH DUHDV WKH
ELRLUULJDWLRQ DFWLYLW\ RI WKH EHQWKLF IDXQD LV RIPDMRU LPSRUWDQFH IRU ELRJHRFKHPLFDO
F\FOLQJ %UDHFNPDQ HW DO  0HUPLOORG%ORQGLQ HW DO  %LRLUULJDWLRQ
SURPRWHV WKHPRYHPHQWRISRUHZDWHUDQGDVVRFLDWHGVROXWHV HJ2&2GLVVROYHG
RUJDQLFPDWWHU'20LQRUJDQLFQXWULHQWV.ULVWHQVHQHWDO$FFRUGLQJO\ WKH
R[\JHQDWLRQ RI GHHSHU RWKHUZLVH DQR[LF OD\HUV RI WKH VHGLPHQW VWURQJO\ GHSHQGV RQ
ELRLUULJDWLRQ$OOHU.ULVWHQVHQ




+HQFH ELRLUULJDWLRQ HQODUJHV WKH VHGLPHQW YROXPH ZKHUH DHURELF SURFHVVHV FDQ WDNH
SODFHHJQLWULILFDWLRQ1DHWDODQGWKXVHQKDQFHVQXWULHQWWXUQRYHUDVZHOODV
PLQHUDOL]DWLRQ$OOHU$VDUHVXOWELRLUULJDWLRQFRQVWLWXWHVDVLJQLILFDQWGULYHURI
RYHUDOO HFRV\VWHP IXQFWLRQLQJ SULPDU\ SURGXFWLRQ EHQWKLFSHODJLF FRXSOLQJ







DGYHFWLYH RQHGLPHQVLRQDO PRGHOV 0H\VPDQ HW DO E RU EDVHG RQ FRPSOH[
PLFURHQYLURQPHQW PRGHOOLQJ WKDW LV GHSHQGHQW RQ UDUHO\ PHDVXUHG SDUDPHWHUV HJ
SXPSLQJ UDWH EXUURZ YROXPH VSHFLILF EXUURZ PRUSKRORJ\ LH WKH PHFKDQLVWLF
PRGHOVRI$OOHUDQG0H\VPDQHWDOD
5HFHQWO\ WKH WUDLWEDVHGQRQTXDQWLWDWLYHFRQFHSWRIFRPPXQLW\ELRWXUEDWLRQSRWHQWLDO
%3F ZDV WUDGHG DQG DSSOLHG DV DQ DSSURDFK WR HVWLPDWH WKH HIIHFWV RI VSHFLHV
H[WLQFWLRQV RQ VHGLPHQW UHZRUNLQJ DQG HFRV\VWHP SURSHUWLHV ELRJHQLFPL[LQJ GHSWK
WRWDO RUJDQLF FDUERQ FRQWHQW FKORURSK\OO FRQFHQWUDWLRQV R[\JHQDWLRQGHSWK VHGLPHQW
R[\JHQFRQVXPSWLRQDPPRQLXPHIIOX[DQGGHQLWULILFDWLRQ%LUFKHQRXJKHWDO
%UDHFNPDQHWDO*RJLQDHWDO6RODQHWDO<HWHVWLPDWLRQVE\%3F
PD\EHPLVOHDGLQJDV WKH\ DUHQRWTXDQWLWDWLYHO\ VFDOHG DQGEDVHGRQ WKH DVVXPSWLRQ
WKDW VHGLPHQW UHZRUNLQJ LV WKH PDLQ GULYHU RI ELRJHRFKHPLFDO F\FOLQJ +RZHYHU
ELRJHRFKHPLFDO F\FOLQJ GHSHQGV PRUH RQ ELRLUULJDWLRQ WKDQ RQ VHGLPHQW UHZRUNLQJ
%UDHFNPDQ HW DO  0HUPLOORG%ORQGLQ HW DO  :UHGH HW DO 
$FFRUGLQJO\%3FXVHVHIIHFWWUDLWVLHERG\PDVVPRELOLW\DQGUHZRUNLQJPRGHWKDW
DUH DSDUW IURPERG\PDVV SRRUO\ VXLWHG WRGHVFULEH WKHPDMRUPDFURIDXQDO HIIHFW RQ
ELRJHRFKHPLFDOF\FOLQJ(VSHFLDOO\ WKHPRELOLW\ WUDLWRI%3F LV OLNHO\ WRXQGHUHVWLPDWH
WKH FRQWULEXWLRQ RI VHVVLOH VSHFLHV ZLWK ORZ PRELOLW\ EXW KLJK ELRLUULJDWLRQ WR
ELRJHRFKHPLFDO F\FOLQJ ZKHUHDV WKH FRQWULEXWLRQ RI KLJKO\ PRELOH VSHFLHV ZLWK ORZ
ELRLUULJDWLRQLVRYHUHVWLPDWHG%UDHFNPDQHWDO






VSHFLHV $OOHU  .ULVWHQVHQ  .ULVWHQVHQ HW DO  &RQVHTXHQWO\ LW LV
SULPDULO\GHSHQGHQWRQERG\PDVVDQGIHHGLQJW\SH&KULVWHQVHQHWDOZKHUHDV
LQMHFWLRQSRFNHWGHSWKDQGWKHJHQHUDOEXUURZPRUSKRORJ\KDYHDPRUHLQGLUHFWHIIHFW
RQ ELRLUULJDWLRQ DQG ELRJHRFKHPLFDO F\FOLQJ .ULVWHQVHQ HW DO  $ GHHSHU
LQMHFWLRQ SRFNHW UHTXLUHV IRU D FRPSOHWH H[FKDQJH RI EXUURZZDWHU WKH WUDQVSRUW RI
ODUJHUYROXPHVRIZDWHUZKHUHDVWKHEXUURZPRUSKRORJ\HVVHQWLDOO\GHWHUPLQHVZKHWKHU






:H K\SRWKHVL]H WKDW ,3F ZLOO EH D EHWWHU SUHGLFWRU RI ELRLUULJDWLRQ DFWLYLW\ WKDQ %3F





2.1 Irrigation potential (IPc) 
:HDGDSWHGWKHELRWXUEDWLRQSRWHQWLDO%3FRI6RODQHWDODQGUHSODFHGWKHWUDLWV
PRELOLW\DQGUHZRUNLQJPRGHGHILQHGLQPRUHGHWDLOE\4XHLUyVHWDOE\WUDLWV
WKDW FKDUDFWHUL]H WKH LUULJDWLRQ EHKDYLRXU RI EHQWKLF PDFURIDXQDO RUJDQLVPV DQG LWV
HIIHFWV RQ HFRV\VWHP IXQFWLRQLQJ EXUURZ W\SH BTi IHHGLQJ W\SH FTi LQMHFWLRQ
SRFNHWGHSWKIDi7KHLQGH[QRZUHDGVDVIROORZV
ୡ ൌ σ ቀ஻೔஺೔ቁ
଴Ǥ଻ହ כ ܣ௜௡௜ୀଵ כ ܤ ௜ܶ כ ܨ ௜ܶ כ ܫܦ௜      
ZKHUHBi LV WKHELRPDVVRI VSHFLHV i DQGAi LWV DEXQGDQFH)ROORZLQJ WKH DSSURDFKRI
6RODQ HW DO  WKH WUDLWV DUH VXEGLYLGHG LQ FDWHJRULHV WKDW GHVFULEH WKH VSHFLHV¶
VSHFLILF H[SUHVVLRQ RI WKH UHVSHFWLYH WUDLW 7DE (DFK FDWHJRU\ LV DVVLJQHG D
GHVFULSWLYH QXPHULFDO VFRUH $ ORZ VFRUH LQGLFDWHV ORZ ELRLUULJDWLRQ DQG DVVRFLDWHG
HIIHFWV ZKHUHDV D KLJK YDOXH LQGLFDWHV KLJK ELRLUULJDWLRQ DQG DVVRFLDWHG HIIHFWV IRU
H[DPSOHIHHGLQJW\SHSUHGDWRU±VFRUHVXEVXUIDFHILOWHUIHHGHU±VFRUH7KH
ERG\ PDVV WHUP LV ZHLJKWHG E\ DQ H[SRQHQW RI  WR DFFRXQW IRU WKH VFDOLQJ RI
PHWDEROLF DFWLYLW\ ZLWK ERG\ PDVV %UH\  :HVW DQG %URZQ  ZKLFK ZH
FRQVLGHU WR EHPRUH DSSURSULDWH WKDQ WKH VTXDUH URRW VFDOLQJ DSSOLHG E\ 6RODQ HW DO























6LQJOH DQG PXOWLVSHFLHV ODERUDWRU\ H[SHULPHQWV ZHUH UXQ WR WHVW ,3F SHUIRUPDQFH
6HGLPHQWVDQGPDFURIDXQDORUJDQLVPVZHUHFROOHFWHGIURPWKUHHGLIIHUHQWVHGLPHQWDU\
KDELWDWVZLWKLQ WKH*HUPDQ%LJKW PXG ILQH VDQGDQG VDQG ¶¶¶1¶¶¶(
¶¶¶1¶¶¶(¶¶¶1¶¶¶(7KHPXGG\KDELWDWZDVLQKDELWHGE\
D Nucula nitidosaFRPPXQLW\ 6DO]ZHGHO HW DO  WKH ILQH VDQG KDELWDW E\ DQ
Amphiura filiformisFRPPXQLW\ 6DO]ZHGHO HW DO  DQG WKH VDQG KDELWDW E\ D
Lanice conchilegaUHHI 5DEDXW HW DO 7KHNucula DQGAmphiura- FRPPXQLW\
ZHUHVDPSOHGLQ$SULOE\VKLSZKLOHWKHLaniceUHHIZDVVDPSOHGLQ0DUFK
E\ IRRWGXULQJ ORZ WLGH)URPHDFKRI WKHVHFRPPXQLWLHVF\OLQGULFDO LQ VLWXFRUHV
KFPGFPZHUHWDNHQ,QWKHFDVHRI WKHLaniceUHHIFRUHVZHUHUDQGRPO\
VDPSOHG IURPDPðDUHDZLWKLQ WKH UHHI)RU WKHRWKHU WZRFRPPXQLWLHV WKHFRUHV




DHUDWHG WKURXJK DQ DLU VWRQH ([SHULPHQWDO WHPSHUDWXUHZDV  &ZKLFK LV DERXW WKH
DQQXDOPHDQERWWRP WHPSHUDWXUH LQ WKH VRXWKHUQ1RUWK6HD 'XOY\ HW DO 7KH
ZDWHUZDVH[FKDQJHGRQFHDGD\ IRU WKH VKLS VDPSOHGFRUHV Nucula DQGAmphiura
FRPPXQLW\ZKHUHDVWKHFRUHVIURPWKHLaniceFRPPXQLW\ZHUHGLUHFWO\FRQQHFWHGWR






WKH WKUHHKDELWDWV DVPRGHORUJDQLVPV IRU WKH VLQJOHVSHFLHV WUHDWPHQW5HSUHVHQWDWLYH
VSHFLHVZHUHNucula nitidosa:LQFNZRUWKDQGOwenia fusiformis 'HOOH&KLDMH
 IRU WKH NuculaFRPPXQLW\ Amphiura filiformis 2) 0OOHU  DQG
Echinocardium coradtum 3HQQDQW  IRU WKH AmphiuraFRPPXQLW\
Lanice conchilega 3DOODV  DQG Cerastoderma edule /LQQDHXV  IRU WKH
Lanice-FRPPXQLW\6SHFLPHQVRIWKHVHVL[VSHFLHVZHUHVDPSOHGVLPXOWDQHRXVO\WRWKH
LQVLWXFRUHVA. filiformisE. cordatumN. nitidosaDQGO. fusiformisZHUHVDPSOHGZLWK





VHGLPHQW 6SHFLPHQV RI A. filiformis E. cordaum N. nitidosa O. fusiformis DQG
C. eduleZHUH FDUHIXOO\ LVRODWHG IURP WKH VHGLPHQW VHSDUDWHG E\ VSHFLHV DQG GLUHFWO\
WUDQVIHUUHGLQWRVHDZDWHUDTXDULDDHUDWHGE\DLUVWRQHVDQGILOOHGZLWKVHGLPHQWFP
6SHFLPHQV RI L. conchilega ZHUH H[WUDFWHG DQG UHSODQWHG LQWR VZHDWHU DTXDULD ILOOHG
ZLWKVHGLPHQWFPDVGHVFULEHGE\=LHJHOPHLHU6SHFLPHQVRIO. fusiformis
ZHUHFDUHIXOO\UHSODQWHGZLWKWZHH]HUV
6LPXOWDQHRXV WR WKH VDPSOLQJRI WKHRUJDQLVPV WKH VHGLPHQWZDVFROOHFWHG$IWHU WKH
RUJDQLVPVKDGEHHQFDUHIXOO\UHPRYHGWKHVHGLPHQWRIHDFKVDPSOLQJVLWHZDVVLHYHG
WKURXJK D PPPHVK DQG OHIW WR VHWWOH LQ ODUJH WDQNV$IWHU  KRXUV WKH RYHUO\LQJ
ZDWHU ZDV GHFDQWHG 7KH VHGLPHQW ZDV KRPRJHQL]HG E\ PL[LQJ DQG SRXUHG LQWR
UHFWDQJXODU LQFXEDWLRQ FKDPEHUV K  FP Z  FP G  FP XS WR D VHGLPHQW
FROXPQKHLJKW RI  FP  FP DIWHU VHWWOLQJ ,Q SUHSDUDWLRQ RI WKH H[SHULPHQWV 
FKDPEHUV  LQFXEDWLRQ FKDPEHUV   IRU HDFK VSHFLHV DQG ILYH FRQWURO FKDPEHUV
ZHUHSUHSDUHGIRUHDFKVDPSOLQJVLWH7KHVHGLPHQWZDVOHIWWRVHWWOHIRUVL[GD\V
,GHQWLFDO WR WKH LQ VLWX FRUHV WKH VHDZDWHU DTXDULD DQG LQFXEDWLRQ FKDPEHUV ZHUH
WUDQVIHUUHGWRDFOLPDWHFRQWUROOHGURRP&7KHZDWHUZDVH[FKDQJHGRQFHDGD\IRU
WKH VHDZDWHU DTXDULD DQG WKH UHVSHFWLYH LQFXEDWLRQ FKDPEHUV RI A. filiformis





VHOHFWHG DFFRUGLQJ WR WZR VL]H FODVVHV SHU VSHFLHV $SSHQGL[$7DEOH  QXPEHU RI
LQWDFW DUPV     LQ A. filiformis DQG IRU DOO VSHFLHV DFFRUGLQJ WR REVHUYDWLRQ RI
DFWLYLW\ 7KH VHOHFWHG LQGLYLGXDOV ZHUH SODFHG LQ WKH UHSOLFDWH UHFWDQJXODU LQFXEDWLRQ
FKDPEHUV Q    SHU VL]H FODVV WUHDWPHQW 'HQVLWLHV ZHUH FKRVHQ LQ DFFRUGDQFH WR
QDWXUDO GHQVLWLHV A. filiformis N. nitidosa L. conchilega DQG O. fusiformis 
LQGLYLGXDOVSHUFRUHC. eduleLQGLYLGXDOVSHUFRUHE. cordatum LQGLYLGXDOSHUFRUH
$IWHU RQH GD\ RI DFFOLPDWLVDWLRQ ZLWKLQ LQFXEDWLRQ FKDPEHUV WKH H[SHULPHQW ZDV
VWDUWHG




%LRLUULJDWLRQ DQG ELRJHRFKHPLFDO F\FOLQJZDVPHDVXUHG RQ WKH VHYHQWK GD\ DIWHU WKH
VWDUWRIWKHH[SHULPHQW)RUWKLVSXUSRVHWKHFRQWLQXRXVVHDZDWHUIORZZDVVWRSSHGWR
VWDUW WKH LQFXEDWLRQ$W WKHEHJLQQLQJRI WKHPHDVXULQJSHULRG W D VRGLXPEURPLGH
VROXWLRQJ1D%UGLVVROYHGLQVHDZDWHUDLPLQJDWD%UFRQFHQWUDWLRQRIP0LQ
WKHZDWHU FROXPQ DERYH WKH VHGLPHQWZDV FDUHIXOO\ VWLUUHG LQWR WKHZDWHU FROXPQRI
HDFK LQFXEDWLRQ FKDPEHU 6DPSOHV RI WKH VHDZDWHUPHGLXP POZHUH H[WUDFWHG DQG
ILOWHUHG  P VXUIDFWDQWIUHH FHOOXORVH DFHWDWH PHPEUDQH 0LQLVDUW 6\ULQJH )LOWHU
6DWRULXVDWWKHVWDUWRIWKHLQFXEDWLRQDQGDIWHUDQGKRXUV)RUVWHUHWDO






ܳ ൌ െ ௏೚ೢ஼೅బି஼೅ೝ೐೑೐ೝ೐೙೎೐ כ
ௗ஼೅బ
ௗ௧         





FKDPEHUV RU FRUHV ,Q HLJKW FDVHV WKH %U FRQFHQWUDWLRQ LQFUHDVHG LH QHJDWLYH
ELRLUULJDWLRQ ZKLFK LQGLFDWHV YHU\ ORZ RU QR ELRLUULJDWLRQ DFWLYLW\ +RZHYHU DQ
LQFUHDVH LQ %U FRQFHQWUDWLRQ LV WKHRUHWLFDOO\ QRW SRVVLEOH $FFRUGLQJO\ WKHVH YDOXHV
ZHUHFRQVLGHUHGODERUDWRU\DUWHIDFWVDQGZHUHH[FOXGHGIURPWKHDQDO\VLV$SSHQGL[$
7DEOH,QWZHOYHRWKHUFDVHVWKHUDWHVZHUHDOVRH[FOXGHGIURPWKHDQDO\VLVEHFDXVH
RI DFFLGHQWDO ORVV RI WKH VDPSOHV HJ WKH EUHDNLQJ RI WKH VDPSOH FRQWDLQHU GXULQJ
IUHH]LQJ$SSHQGL[$7DEOH,QRUGHUWRVROHO\DVVHVVWKHELRLUULJDWLRQDFWLYLW\RIWKH
RUJDQLVPV DQG WR FRUUHFW IRU DGYHFWLYH HIIHFWV FDXVHG E\ ZDWHU FLUFXODWLRQ PHDQ
LUULJDWLRQUDWHVRIWKHFRQWUROVRIHDFKVHGLPHQWW\SHZDVVXEWUDFWHGIURPWKHLUULJDWLRQ
UDWHVIRUERWKWKHVLQJOHDQGFRPPXQLW\VHWXSVIRUHDFKUHVSHFWLYHVHGLPHQWW\SH




7ZR GD\V DIWHU WKH ELRLUULJDWLRQPHDVXUHPHQW WKH FRPPXQLW\ FRUHVZHUH VOLFHG LQWR
GLIIHUHQWGHSWKVWUDWDIURPZKLFKWKHRUJDQLVPVZHUHPDQXDOO\UHWULHYHG7KHVHGLPHQW
RI WKH VLQJOHVSHFLHV VHWXSV ZDV H[WUDFWHG IURP WKH LQFXEDWLRQ FKDPEHUV DQG VLHYHG
WKURXJKDPPPHVKWRUHFRYHUWKHRUJDQLVPV$OOUHWULHYHGRUJDQLVPVZHUHIL[HGLQD
EXIIHUHG  IRUPDOGHK\GH VROXWLRQ DQG VWRUHG IRU  PRQWKV 7KHUHDIWHU VSHFLHV




LQIRUPDWLRQ ZDV DYDLODEOH WKH VFRULQJ ZDV EDVHG RQ WD[RQRPLFDOO\ FORVHO\ UHODWHG
VSHFLHV
2.3 Statistical analysis  
:HDSSOLHGJHQHUDOL]HGOLQHDUPRGHOV*/0WRDQDO\VHWKHUHODWLRQVKLSEHWZHHQERWK
,3F DQG%3F FDOFXODWHG IRU ERWK:0DQG$)'0DQGELRLUULJDWLRQ DFWLYLW\*UXEE¶V
RXWOLHUWHVWLGHQWLILHGDVLQJOHRXWOLHUWKDWZDVFRQVHTXHQWO\H[FOXGHGIURPWKHDQDO\VLV
7KH */0 LQFOXGHG VHGLPHQW W\SH PXG ILQH VDQG VDQG DQG WKH WUHDWPHQW VLQJOH
VSHFLHVRUFRPPXQLW\VHWXSDVLQGHSHQGHQWYDULDEOHVDQGWHVWHGIRULQWHUDFWLRQHIIHFWV
RQWKHELRLUULJDWLRQDFWLYLW\7KHEHVWPRGHOZDVFKRVHQDFFRUGLQJWR=XXUHWDO
E\ FRPSDULVRQ RI $NDLNH¶V LQIRUPDWLRQ FULWHULRQ $,&F ZKHUH WKH ORZHVW $,&F
LQGLFDWHVWKHEHVWPRGHO*RRGQHVVRIILWZDVWHVWHGWKURXJKOHDVWVTXDUHV$OODQDO\VHV
ZHUHSHUIRUPHGZLWKWKHVRIWZDUHSDFNDJH-036$6,QVWLWXWH*PE+
,Q RUGHU WR DQDO\VH DQG FRPSDUH GLIIHUHQFHV EHWZHHQ%3F DQG ,3F RQ D VSDWLDO VFDOH
YDOXHVIRUERWK LQGLFHVZHUHPDSSHGLQ$UF*,6RQDEXQGDQFHDQGELRPDVVGDWDIURP
WKH*HUPDQ1RUWK6HDH[FOXVLYHHFRQRPLF]RQH((=GHULYHGIURPWKH$:,EHQWKRV
GDWDEDVH IRU HFRORJLFDO UHVHDUFK DQG IURP HQYLURQPHQWDO LPSDFW DVVHVVPHQWV RI
RIIVKRUH ZLQG IDUPV E\ WKH *HUPDQ )HGHUDO 0DULWLPH DQG +\GURJUDSKLF $JHQF\
%6+7KHGDWDVHWFRYHUHGVWDWLRQVDQGVSHFLHV
7KH GDWD ZDV WD[RQRPLFDOO\ KDUPRQLVHG DQG FRQYHUWHG IURP:0 J WR $)'0 J
XVLQJWKHFRQYHUVLRQIDFWRUGDWDEDVHRI%UH\,QFDVHRIDQRQDYDLODELOLW\RID
FRQYHUVLRQIDFWRUIRUDWD[RQWKHFRQYHUVLRQIDFWRURIWKHQH[WKLJKHUWD[RQOHYHOZDV
XVHG 7KH GDWD ZDV IXUWKHU DYHUDJHG RYHU  NP JULG FHOOV WR SUHYHQW VSHFLHV
RYHUHVWLPDWLRQ FDXVHG E\ KHWHURJHQHLW\ LQ VWDWLRQ GLVWULEXWLRQ 7KH VSHFLHV VSHFWUXP






OLWHUDWXUH LQIRUPDWLRQ $SSHQGL[ & ZKLOH VFRUHV IRU %3F ZHUH WDNHQ IURP WKH
FODVVLILFDWLRQVRI4XHLUyVHWDO





,Q WKHPRGHOVPDFURIDXQDO LUULJDWLRQ DFWLYLW\ZDVEHVW GHVFULEHGE\ ,3F$)'0 3URE!
&KLð5ð $,&F 7KHSUHGLFWHGELRLUULJDWLRQUDWHVRIWKH
FRPPXQLW\ VHWXSVZHUH KLJKHU WKDQ WKH SUHGLFWHG UDWHV RI WKH VLQJOHVSHFLHV VHWXSV
EXW WKH VORSHRI WKH UHODWLRQVKLSEHWZHHQSUHGLFWHGELRLUULJDWLRQ UDWH DQG ,3F$)'0GLG
QRWGLIIHUEHWZHHQWKHWZRWUHDWPHQWV3URE!&KLð )LJ
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6HGLPHQW W\SHGLGQRWDIIHFW WKHELRLUULJDWLRQDFWLYLW\RI WKHRUJDQLVPV$SSHQGL[&
,3F:0 $,&F    %3F:0 $,&F    DQG %3F $)'0
$,&F  ZHUH OHVV JRRG SUHGLFWRUV RI WKH ELRLUULJDWLRQ DFWLYLW\ $SSHQGL[
% 6SDWLDO PDSSLQJ RI ,3F$)'0 DQG %3F$)'0 UHYHDOHG WKDW %3F$)'0 OHG WR DQ
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%3F$)'0  %OXH LQGLFDWHV DQ RYHUHVWLPDWLRQ DQG UHG DQ XQGHUHVWLPDWLRQ LI %3F ZRXOG EH DSSOLHG WR
HVWLPDWHELRLUULJDWLRQDFWLYLW\





+HUH ZH SURYLGH WKH ILUVW TXDQWLWDWLYH PRGHO WKDW LV DEOH WR SUHGLFW WKH ELRLUULJDWLRQ
DFWLYLW\ RI FRPPXQLWLHV IURP LQIRUPDWLRQ RQ WD[RQRPLF LGHQWLW\ DEXQGDQFH DQG
ELRPDVV&RPSDUHG WRRQHGLPHQVLRQDOELRLUULJDWLRQPRGHOV 0H\VPDQ HW DO E
DQG WRPHFKDQLVWLFPRGHOV RI$OOHU  DQG0H\VPDQ HW DO D ,3F LV WKXV
VXLWDEOH IRU DQ XSVFDOLQJ RI ELRLUULJDWLRQ DFWLYLW\ RYHU ODUJH VSDWLDO VFDOHV DQG IRU
DVVHVVLQJ FKDQJHV GXH WR VSHFLHV H[WLQFWLRQV RU VKLIWV LQ VSHFLHV FRPSRVLWLRQ 7KLV
VSDWLDODSSOLFDELOLW\LVVXSSRUWHGE\WKHJRRGOHYHORIUREXVWQHVVRIWKHRIWKH,3FDJDLQVW
SRWHQWLDO WUDLW YDULDWLRQ GXH WR LQWHUVSHFLILF LQWHUDFWLRQ HJ FRPSHWLWLRQ UHJLRQDO
RULJLQ DQG VHGLPHQW W\SH DV QHLWKHU VHGLPHQW W\SH QRU WUHDWPHQW VLQJOHVSHFLHV RU
FRPPXQLW\DIIHFWHGWKHUHODWLRQVKLSEHWZHHQ,3FDQGWKHELRLUULJDWLRQUDWHV,QFRQWUDVW
WR,3F%3FZDVQRWDEOHWRSUHGLFWELRLUULJDWLRQDFWLYLW\$SHQGL[%DQGLVWKHUHIRUH
OLNHO\ WR PLVMXGJH WKH HIIHFW RI PDFURIDXQDO RUJDQLVPV RQ ELRJHRFKHPLFDO F\FOLQJ
0HUPLOORG%ORQGLQHWDO
7KLVLVPRVWO\GXHWRWKHVTXDUHURRWVFDOLQJRIWKHERG\PDVVWUDLWLQ%3F,WFDXVHVDQ
RYHUHVWLPDWLRQRI VSHFLHVZLWK ORZERG\PDVV DQGDFFRUGLQJO\ ORZHU UHVSLUDWLRQ DQG
FRQVXPSWLRQGHPDQGV)RU,3FZHFKRVHDVFDOLQJIDFWRURIZKLFKLVDEHWWHUDQG
SURYHQ GHVFULSWRU RI HQHUJ\ WUDQVIHU LQPDULQH V\VWHPV :HVW DQG%URZQ  ,3F





WKH LPSDFW RI VHVVLOH VSHFLHVZLWK ORZ ELRWXUEDWLRQ DFWLYLW\ VXFK DVLanice conchilga
DQG Chaetopterus variopedatus 5HQLHU  ZKLFK DUH NQRZQ IRU WKHLU VWURQJ
ELRLUULJDWLRQDFWLYLW\DQGSURQRXQFHGLQIOXHQFHRQELRJHRFKHPLFDOF\FOLQJ%UDHFNPDQ
HWDO5LLVJnUG
2Q D VSDWLDO VFDOH WKHVH GLIIHUHQFHV LQ WUDLW FKRLFH EHFRPH DSSDUHQW LQ DQ
XQGHUHVWLPDWLRQLQWKHHDVWHUQDQGFHQWUDOUHJLRQRI WKH*HUPDQ((=ZKHUHVHVVLOHRU
VHPLVHVVLOHVSHFLHVLHLanice conchilegaDQGNotomasus latericeus6DUVZHUH
SDUWLFXODUO\ DEXQGDQW 6LPLODUO\ WKH ELRLUULJDWLRQ DFWLYLW\ ZDV RYHUHVWLPDWHG E\ %3F





VSHFLHVZLWKVPDOO$)'0LHAmphiura filiformisDQGCorbula gibba 2OLYL
,Q DGGLWLRQ WR WUDLW FKRLFH WUDLW YDULDWLRQ FDXVHG E\ ELRWLF DELRWLF DQG DQWKURSRJHQLF
GULYHUVPD\UHVXOWLQVSDWLDOYDULDELOLW\LQLQGLYLGXDOWUDLWH[SUHVVLRQVDQGFRQVHTXHQWO\
LQELRLUULJDWLRQDFWLYLW\ %DUDQRYHWDO0XUUD\HWDO6RODQHWDO
:RKOJHPXWK HW DO  *HQHUDOO\ KLJKHU ELRLUULJDWLRQ UDWHV LQ RXU FRPPXQLW\
H[SHULPHQW WKDQ LQ WKH VLQJOH VSHFLHV H[SHULPHQW ZHUH PRVW OLNHO\ UHODWHG WR WKH
GLIIHUHQFHV LQ FRUH GHVLJQ +DOH HW DO D REVHUYHG KLJKHU ELRLUULJDWLRQ UDWHV LQ
FLUFXODU FRUHV RXU FRPPXQLW\ H[SHULPHQW FRPSDUHG WR VTXDUHVKDSHG FRUHV RXU
VLQJOHVSHFLHVH[SHULPHQW,QWHUVSHFLILFLQWHUDFWLRQVLQWKHFRPPXQLW\H[SHULPHQWVDUH
XQOLNHO\UHVSRQVLEOHIRUWKLVGLIIHUHQFHEHFDXVHVSHFLHVLQWHUDFWLRQVKDYHEHHQVKRZQWR
UHGXFH UDWKHU WKDQ LQFUHDVH ELRLUULJDWLRQ DFWLYLW\ LQ EHQWKLF DVVHPEODJHV 0HUPLOORG
%ORQGLQHWDO:DOGEXVVHUHWDO
%LRLUULJDWLRQ UDWH ZLOO KRZHYHU FHUWDLQO\ EH DIIHFWHG E\ WHPSHUDWXUH  ZLWK KLJKHU
WHPSHUDWXUHV PHWDEROLF UDWHV LQFUHDVH DQG FRQVHTXHQWO\ WKH YHQWLODWLRQ DFWLYLW\ LV
UHTXLUHGWRIXOILOWKHKLJKHUGHPDQGVIRUR[\JHQDQGIRRG%UH\*UpPDUH
.ULVWHQVHQHWDO2XHOOHWWHHWDO7KHHIIHFWRIWHPSHUDWXUHRQELRLUULJDWLRQ
PD\ EH DFFRXQWHG IRU E\ OLQNLQJ D WHPSHUDWXUH WHUP WR ELRLUULJDWLRQ DFWLYLW\ ,F
HVWLPDWHGIURP,3FEDVHGRQWKHQ10WHPSHUDWXUHFRHIILFLHQWLHWKHUDWHRIFKDQJHLQ
PHWDEROLVPDVDFRQVHTXHQFHRILQFUHDVLQJWKHWHPSHUDWXUHE\&
ܫ௖் ൌ ܫ௖ כ ܳଵ଴
ቀ೅ష೅ೂఴభబ ቁ        
ZKHUH TQ LV WKH UHIHUHQFH WHPSHUDWXUH LH DW ZKLFK UDWHV ZHUH GHWHUPLQHG
H[SHULPHQWDOO\ KHUH TQ   & DQG T LV DPELHQW WHPSHUDWXUH LQ & 7KH Q10 RI
PDFUREHQWKLF PHWDEROLVP OLHV DURXQG  'DYLV DQG 0F,QWLUH  *UDQW 
3URYRRVW HW DO  KHQFH ZH VKRXOG H[SHFW LUULJDWLRQ DFWLYLW\ LQ WKH 1RUWK 6HD
GXULQJVXPPHUDWWHPSHUDWXUHVDERYH&WREHDOPRVWWZLFHWKHDQQXDOPHDQDQGLQ
ZLQWHU ZKHQ WHPSHUDWXUH IDOOV EHORZ & DERXW KDOI WKH DQQXDO PHDQ 7KHVH
H[WUDSRODWLRQVKDYHWREHYHULILHGH[SHULPHQWDOO\
$OUHDG\QRZ ,3F UHSUHVHQWVZLWKLQ LWVYDOLGDWHG WHPSHUDWXUH UDQJHDPRVWSURPLVLQJ
VROXWLRQ IRU PDQDJHPHQW SXUSRVHV WKDW HQDEOHV XV WR PHHW WKH VRFLHWDO DQG SROLWLFDO
GHPDQGV2QVPDOOVSDWLDOVFDOHV,3FFRQVWLWXWHVDXVHIXOWRROWRSUHGLFWKXPDQLPSDFWV




HJ RIIVKRUH LQVWDOODWLRQV RQ ELRLUULJDWLRQ DFWLYLW\ DQG FRQVHTXHQWO\ RQ
ELRJHRFKHPLFDOF\FOLQJDQGUHODWHGHFRV\VWHPVHUYLFHVZKHUHDVRQEURDGVSDWLDOVFDOHV





















DQ\ VSHFLILF JUDQW IURP IXQGLQJ DJHQFLHV LQ WKH SXEOLF FRPPHUFLDO RU QRWIRUSURILW
VHFWRUV 7KLV ZRUN GLG QRW UHFHLYH DQ\ VSHFLILF JUDQW IURP IXQGLQJ DJHQFLHV LQ WKH
SXEOLFFRPPHUFLDORUQRWIRUSURILWVHFWRUV





$OOHU5& 4XDQWLI\LQJ VROXWH GLVWULEXWLRQV LQ WKH ELRWXUEDWHG ]RQH RIPDULQH
VHGLPHQWVE\GHILQLQJDQDYHUDJHPLFURHQYLURQPHQW*HRFKLP&RVPRFKLP$FWD

$OOHU 5&  7KH HIIHFWV RI PDFUREHQWKRV RQ FKHPLFDO SURSHUWLHV RI PDULQH
VHGLPHQW DQG RYHUO\LQJ ZDWHU LQ 0F &DOO 3/ 7HYHV] 0-6 (GV $QLPDO
6HGLPHQW5HODWLRQV6SULQJHU86SS
$OOHU 5&  %LRWXUEDWLRQ DQG UHPLQHUDOL]DWLRQ RI VHGLPHQWDU\ RUJDQLFPDWWHU
HIIHFWVRIUHGR[RVFLOODWLRQ&KHP*HRO
%DUDQRY 9 /HZDQGRZVNL - .UDXVH 6  %LRWXUEDWLRQ HQKDQFHV WKH DHURELF
UHVSLUDWLRQRIODNHVHGLPHQWVLQZDUPLQJODNHV%LRO/HWWHUV
%LUFKHQRXJK 615 3DUNHU 5( 0F0DQXV ( %DUU\ -  &RPELQLQJ





%UDHFNPDQ 8 3URYRRVW 3 *ULEVKROW % 9DQ *DQVEHNH ' 0LGGHOEXUJ --
6RHWDHUW . 9LQF[0 9DQDYHUEHNH -  5ROH RIPDFURIDXQD IXQFWLRQDO WUDLWV
DQGGHQVLW\LQELRJHRFKHPLFDOIOX[HVDQGELRWXUEDWLRQ0DU(FRO3URJ6HU

%UH\ 7  3RSXODWLRQ G\QDPLFV LQ EHQWKLF LQYHUWHEUDWHV $ YLUWXDO KDQGERRN
9HUVLRQ
%UH\ 7  $Q HPSLULFDO PRGHO IRU HVWLPDWLQJ DTXDWLF LQYHUWHEUDWH UHVSLUDWLRQ
0HWKRGV(FRO(YRO
&KULVWHQVHQ % 9HGHO $ .ULVWHQVHQ (  &DUERQ DQG QLWURJHQ IOX[HV LQ
VHGLPHQW LQKDELWHG E\ VXVSHQVLRQIHHGLQJ Nereis diversicolor DQG QRQVXVSHQVLRQ
IHHGLQJN. virensSRO\FKDHWHV0DU(FRO3URJ6HU





LQPDFUREHQWKLFDVVHPEODJHV LQDQRIIVKRUHZLQGIDUPDUHD LQ WKH%HOJLDQSDUWRI WKH
1RUWK6HD0DU(QYLURQ5HV
'DYLV 0: 0F,QWLUH &'  (IIHFWV RI SK\VLFDO JUDGLHQWV RQ WKH SURGXFWLRQ
G\QDPLFVRIVHGLPHQWDVVRFLDWHGDOJDH0DU(FRO3URJ6HULHV
GH %HOOR ) /DYRUHO 6 'tD] 6 +DUULQJWRQ 5 &RUQHOLVVHQ -+ %DUGJHWW 5'






'ÕғD] 6 &DELGR 0  9LYH OD GLIIHUHQFH SODQW IXQFWLRQDO GLYHUVLW\ PDWWHUV WR
HFRV\VWHPSURFHVVHV7UHQGV(FRO(YRO
'XOY\1. 5RJHUV 6, -HQQLQJV 6 6WHO]HQPOOHU9'\H 65 6NMROGDO+5
 &OLPDWH FKDQJH DQG GHHSHQLQJ RI WKH 1RUWK 6HD ILVK DVVHPEODJH D ELRWLF
LQGLFDWRURIZDUPLQJVHDV-$SSO(FRO
'XUDLDSSDK $1 6 $JDUG\ 7  (FRV\VWHPV DQG KXPDQ ZHOOEHLQJ
ELRGLYHUVLW\ V\QWKHVLV D UHSRUW RI WKH PLOOHQQLXP HFRV\VWHP DVVHVVPHQW :RUOG
5HVRXUFHV,QVWLWXWH:DVKLQJWRQ:DVKLQJWRQ86$







6WHIIDQ'HZHQWHU , (PPHUVRQ 0 3RWWV 6*  )XQFWLRQDO LGHQWLW\ DQG
GLYHUVLW\ RI DQLPDOV SUHGLFW HFRV\VWHP IXQFWLRQLQJ EHWWHU WKDQ VSHFLHVEDVHG LQGLFHV
3URF56RF6HU%%LR












*UpPDUH $  &RQVXPSWLRQ RI GLDWRPV DQG GLDWRP ILOWUDWHV E\ WKH WHQWDFXODWH
GHSRVLWIHHGHUEupolymnia nebulosa$QQHOLGD3RO\FKDHWD0DU%LRO
+DOH50DYURJRUGDWR0 7ROKXUVW 7 6RODQ0 &KDUDFWHUL]DWLRQV RI KRZ
VSHFLHV PHGLDWH HFRV\VWHP SURSHUWLHV UHTXLUH PRUH FRPSUHKHQVLYH IXQFWLRQDO HIIHFW
GHVFULSWRUV6FL5HS
.ULVWHQVHQ(2UJDQLFPDWWHUGLDJHQHVLVDW WKHR[LFDQR[LF LQWHUIDFH LQFRDVWDO
PDULQHVHGLPHQWVZLWKHPSKDVLVRQWKHUROHRIEXUURZLQJDQLPDOV+\GURELRORJLD

.ULVWHQVHQ (  ,PSDFW RI SRO\FKDHWHV Nereis VSS DQG Arenicola marina RQ
FDUERQELRJHRFKHPLVWU\LQFRDVWDOPDULQHVHGLPHQWV*HRFKHP7UDQV
.ULVWHQVHQ ( 3HQKD/RSHV * 'HOHIRVVH 0 9DOGHPDUVHQ 7 4XLQWDQD &2
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FRPPXQLWLHV DQGELRJHRFKHPLFDOSURFHVVHV LQPDULQH VHGLPHQW$TXDW0LFURE(FRO
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
6DO]ZHGHO+5DFKRU(*HUGHV' %HQWKLFPDFURIDXQD FRPPXQLWLHV LQ WKH
*HUPDQ%LJKW9HU|II,QVW0HHUHVI%UHPHUKDYHQ
6RODQ 0 &DUGLQDOH %- 'RZQLQJ $/ (QJHOKDUGW .$0 5XHVLQN -/
6ULYDVWDYD '6  ([WLQFWLRQ DQG HFRV\VWHP IXQFWLRQ LQ WKH PDULQH EHQWKRV
6FLHQFH
6RODQ0 +DXWRQ & *RGEROG -$:RRG &/ /HLJKWRQ 7*:KLWH 3 
$QWKURSRJHQLF VRXUFHV RI XQGHUZDWHU VRXQG FDQ PRGLI\ KRZ VHGLPHQWGZHOOLQJ
LQYHUWHEUDWHVPHGLDWHHFRV\VWHPSURSHUWLHV6FL5HS
7LOOLQ++LGGLQN - -HQQLQJV6.DLVHU0 &KURQLFERWWRP WUDZOLQJ DOWHUV






LQIDXQDO ELRGLYHUVLW\ RQ ELRJHRFKHPLVWU\ RI FRDVWDO PDULQH VHGLPHQWV /LPQRO
2FHDQRJU
:HVW*%%URZQ-+7KHRULJLQRIDOORPHWULFVFDOLQJ ODZV LQELRORJ\ IURP
JHQRPHV WR HFRV\VWHPV WRZDUGVDTXDQWLWDWLYHXQLI\LQJ WKHRU\RIELRORJLFDO VWUXFWXUH
DQGRUJDQL]DWLRQ-([S%LRO
:LONLQVRQ075LFKDUGV3-+XPSKUH\V*6%UHDNLQJJURXQGSHGRORJLFDO
JHRORJLFDO DQG HFRORJLFDO LPSOLFDWLRQV RI VRLO ELRWXUEDWLRQ (DUWK 6FL 5HY  

:RKOJHPXWK'6RODQ0*RGEROG -$ 6SHFLHVFRQWULEXWLRQV WRHFRV\VWHP
SURFHVV DQG IXQFWLRQ FDQEHSRSXODWLRQGHSHQGHQW DQGPRGLILHGE\ELRWLF DQGDELRWLF
VHWWLQJ3URF56RF6HU%%LR





*HUPDQ %LJKW NH\ ELRWXUEDWRUV RQ ELRJHRFKHPLFDO F\FOLQJ DQG VHGLPHQW WXUQRYHU -
([S0DU%LRO(FRO
=LHJHOPHLHU (  1HXH 8QWHUVXFKXQJHQ EHU GLH :RKQU|KUHQ%DXZHLVH YRQ
Lanice conchilega 3RO\FKDHWD6HGHQWDULD+HOJRODQGHU:LVV0HHUHVXQWHUV

















D Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research, 
Am Handelshafen 12, 27570 Bremerhaven, Germany 













7KHPDQXVFULSWLVLQSUHSDUDWLRQIRUVXEPLVVLRQWRMarine Ecology Progress Series





6HGLPHQW UHZRUNLQJ WUDLWV HJDVXVHG LQ WKH LQGH[FRPPXQLW\ELRWXUEDWLRQSRWHQWLDO
%3F DUH ZLGHO\ XVHG WR FKDUDFWHUL]H WKH LPSDFW RI PDFURIDXQD FRPPXQLWLHV RQ
ELRJHRFKHPLFDO F\FOLQJ +RZHYHU ELRLUULJDWLRQ KDV D VWURQJHU LPSDFW RQ
ELRJHRFKHPLFDOWXUQRYHUWKDQVHGLPHQWUHZRUNLQJDFWLYLWLHV7KXVZHDVNWKHIROORZLQJ
TXHVWLRQV L $UH LUULJDWLRQ WUDLWV LH DV DSSOLHG LQ WKH LQGH[ FRPPXQLW\ LUULJDWLRQ
SRWHQWLDO,3FVXLWDEOHSUHGLFWRUVRIELRJHRFKHPLFDOF\FOLQJFKDQJLQJFRQFHQWUDWLRQV
RI SKRVSKDWH >32@ VLOLFDWH >6L2@ DPPRQLXP >1+@ QLWUDWH >12@ DQG QLWULWH
>12@ XQGHU GLIIHUHQW HQYLURQPHQWDO FRQGLWLRQV VHGLPHQW W\SH JUDGLHQWV DFURVV WKH






WKHPDFURRUJDQLVPV LQYROYHGSOD\V D VLJQLILFDQW UROH IRU IORZVRI¨>6L2@¨>1+@
¨>12@ DQG ¨>12@ EXW QRW IRU SKRVSKDWH 3UHVXPDEO\ LQ RXU H[SHULPHQWV WKH
UHOHDVHRISKRVSKDWH LQWR WKHZDWHU FROXPQZDV WKH UHVXOW RI H[FUHWLRQDFWLYLW\RI WKH
DQLPDOV 3KRVSKDWH IORZZDV WKXV OLQNHGPRUH FORVHO\ WRPHWDEROLF DFWLYLW\ WKDQ WR
ERG\ YROXPH:H REVHUYH D JHQHUDO VWDWLVWLFDOO\ VLJQLILFDQW LPSDFW RI WUHDWPHQW DQG
H[FHSW IRU SKRVSKDWH D VWDWLVWLFDO LQWHUDFWLRQ EHWZHHQ ,3F DQG WUHDWPHQW LQ RXU
H[SHULPHQWV+HQFH WKHPDFURIDXQDO LPSDFW DVPHDVXUHGE\ ,3F LVD VXLWDEOH DOEHLW
QRWDVXIILFLHQWSDUDPHWHULQWKHPRGHOOLQJRIVHGLPHQWELRJHRFKHPLFDOWXUQRYHU
Keywords:ELRLUULJDWLRQELRWXUEDWLRQIXQFWLRQDOWUDLWVHFRV\VWHPIXQFWLRQLQJ






PDFURIDXQDO DFWLYLWLHV VXFK DV VHGLPHQW UHZRUNLQJ ELRPL[LQJ RI VHGLPHQW SDUWLFOHV
DQG ELRLUULJDWLRQ YHQWLODWLRQ DQG IOXVKLQJ RI EXUURZV $OOHU  %DUDQRY HW DO
.ULVWHQVHQ7KHVFRSHRIWKHVHDFWLYLWLHVGHSHQGVODUJHO\RQWKHIXQFWLRQDO
FKDUDFWHULVWLFV LH WUDLWV RI WKH PDFURIDXQDO RUJDQLVPV $FFRUGLQJO\ PDQ\ VWXGLHV
KDYH H[SORUHG WKH SUHGLFWDELOLW\ RI ELRJHRFKHPLFDO F\FOLQJ YLD PDFURIDXQDO WUDLWV RU
IXQFWLRQDOJURXSV%UDHFNPDQHWDO0XUUD\HWDO6RODQHWDO7KH
QRQTXDQWLWDWLYH WUDLWEDVHG LQGH[ RI ELRWXUEDWLRQ SRWHQWLDO %3F 6RODQ HW DO 
ZDV ZLGHO\ DGRSWHG %LUFKHQRXJK HW DO  *RJLQD HW DO  4XHLUyV HW DO
 %3F FRUUHODWHV ZLWK ELRJHQLF PL[LQJ GHSWK WRWDO RUJDQLF FDUERQ FRQWHQW
FKORURSK\OO FRQFHQWUDWLRQV R[\JHQDWLRQ GHSWK VHGLPHQW R[\JHQ FRQVXPSWLRQ
DPPRQLXP HIIOX[ DQG GHQLWULILFDWLRQ %LUFKHQRXJK HW DO  %UDHFNPDQ HW DO
*RJLQDHWDO
%3F KRZHYHU PD\ GHVFULEH PDFURIDXQDO LPSDFW LPSURSHUO\ DV LW LV EDVHG RQ WKH
DVVXPSWLRQ WKDW VHGLPHQW UHZRUNLQJ LV WKH PDLQ GULYHU RI VHGLPHQW ELRJHRFKHPLFDO
F\FOLQJ<HW ELRJHRFKHPLFDO F\FOLQJ GHSHQGVPRUH RQ ELRLUULJDWLRQ WKDQ RQ VHGLPHQW
UHZRUNLQJ %UDHFNPDQ HW DO  0HUPLOORG%ORQGLQ HW DO  :UHGH HW DO
 7R RYHUFRPH IDOVH DVVXPSWLRQV RI %3F :UHGH HW DO VXEPLWWHG SURSRVH DQ
DOWHUQDWLYH LQGH[ WKH LUULJDWLRQ SRWHQWLDO ,3F ,Q FRQWUDVW WR %3F ZKLFK LQFRUSRUDWHV
VHGLPHQWUHZRUNLQJWUDLWVPRELOLW\DQGUHZRUNLQJW\SH,3FLVEDVHGRQLUULJDWLRQWUDLWV
VXFKDVIHHGLQJW\SHEXUURZW\SHDQGLQMHFWLRQSRFNHWGHSWK6RODQHWDO:UHGH
HW DO VXEPLWWHG ,Q FRQWUDVW WR %3F ,3F EDVHG RQ PDFUREHQWKLF DVK IUHH GU\ PDVV
$)'0 VKRZV D FRQVLVWHQW FRUUHODWLRQ ZLWK PDFURIDXQDO LUULJDWLRQ DFWLYLW\ DFURVV
YDULRXVVHGLPHQWW\SHVDQGFRPPXQLWLHV:UHGHHWDOVXEPLWWHG<HWWRGDWHZHODFN
FRQILUPDWLRQ WKDW ,3F LV DVZHOO D VXLWDEOH SUHGLFWRU RI ELRJHRFKHPLFDO WXUQRYHU UDWHV
DQGWKXVPD\HQKDQFHPRGHOVRIVHGLPHQWELRJHRFKHPLFDOF\FOLQJ








$FFRUGLQJO\ WKLV VWXG\ DVNV WKH IROORZLQJ TXHVWLRQV L FDQ LUULJDWLRQ WUDLWV LH ,3F
SUHGLFW ELRJHRFKHPLFDO F\FOLQJ FKDQJLQJ FRQFHQWUDWLRQV RI SKRVSKDWH VLOLFDWH
DPPRQLXPQLWUDWHDQGQLWULWHXQGHUGLIIHUHQWHQYLURQPHQWDOFRQGLWLRQVVHGLPHQWW\SH
JUDGLHQWV DFURVV WKH VHGLPHQW ZDWHU FROXPQ WHPSHUDWXUH IDXQDO LQYHQWRU\ LL GR
LUULJDWLRQWUDLWV,3FLQFUHDVHWKHSUHGLFWDELOLW\RIELRJHRFKHPLFDOF\FOLQJFRPSDUHGWR
VHGLPHQW UHZRUNLQJ WUDLWV %3F LLL WRZKLFKH[WHQWGRHV LWPDWWHUZKLFKERG\PDVV
XQLWV DUH XVHG IRU ,3F RU %3F DQG LY GR WKH HQYLURQPHQWDO FRQGLWLRQV DIIHFW WKH
UHODWLRQVKLSVEHWZHHQWUDLWEDVHGLQGLFHVDQGELRJHRFKHPLFDOF\FOLQJ"








HW DO  7KH GDWD HQFRPSDVVHG ELRPDVV :0 DQG $)'0 DEXQGDQFH VSHFLHV
LGHQWLW\ DQG QXWULHQW IOX[ PHDVXUHPHQWV ¨>32@ ¨>6L2@ ¨>1+@ 12@ DQG
¨>12@ IURP ODERUDWRU\ LQFXEDWLRQV LQ GLIIHUHQW VHDVRQV L RI QDWXUDO FRPPXQLWLHV
LQKDELWLQJ PXG ILQH VDQG DQG VDQG VHGLPHQWV PXG Nucula nitidosaFRPPXQLW\
6DO]ZHGHO HW DO  ILQH VDQGAmphiura filiformisFRPPXQLW\ 6DO]ZHGHO HW DO
 VDQG Lanice conchilegaUHHI 5DEDXW HW DO   DQG LL RI DUWLILFLDO
PRQRFXOWXUHV PXGNucula nitidosa:LQFNZRUWKDQGOwenia fusiformis 'HOOH
&KLDMH  ILQH VDQGAmphiura filiformis 2)0OOHU  DQGEchinocardium 
coradtum 3HQQDQW  VDQGLanice conchilega 3DOODV  DQGCerastoderma 
edule/LQQDHXV). 7KHGDWDRI WKHPRQRFXOWXUHVDOVRLQFOXGHGILYHFRQWUROFRUHV
IRUHYHU\VHGLPHQWW\SHFRUHVZLWKRXWPDFURIDXQDORUJDQLVPV
,Q WRWDO WKH GDWD FRQVLVWHG RI   IRU 12 GDWD VHWV 5HJUHWWDEO\ WKH
KHWHURJHQHLW\ RI WKH GDWD GLG QRW DOORZ IRU D IXOO IDFWRULDO DQDO\VLV'XH WR WLPH DQG
VSDFH UHVWUDLQWV WKH H[SHULPHQWVZLWK WKH GLIIHUHQW VHGLPHQW W\SHVZHUH FRQGXFWHG LQ






RU %3F LQ SUHGLFWLQJ QXWULHQW IOX[HV ZH VSOLW WKH GDWD LQWR QLQH VXEJURXSV RI
KRPRJHQHRXV LQJURXS FRQGLWLRQV LH LGHQWLFDO LQLWLDO VHGLPHQWZDWHU QXWULHQW
JUDGLHQWV VHGLPHQW W\SH VHGLPHQW WUHDWPHQW VLHYHG KRPRJHQLVHG VHGLPHQW RI
PRQRFXOWXUHVYVLQVLWXVWUDWLILFDWLRQRIFRPPXQLWLHVDQGWHPSHUDWXUHDQGHVWDEOLVKHG
DFRUUHVSRQGLQJFDWHJRULFDOYDULDEOH75($70(177DE3UHYLRXVVWXGLHVKDYHVKRZQ
WKDW WKHVH SDUDPHWHUV FDQ SDUWLFXODUO\ DIIHFW QXWULHQW IOX[HV %DUDQRY HW DO 
%LVZDV HW DO  0HUPLOORG%ORQGLQ DQG 5RVHQEHUJ   7KH FDWHJRULHV
FRQWDLQHGPDFURIDXQDO RUJDQLVPV RI WKH IROORZLQJ VSHFLHV RU FRPPXQLWLHV  /VXPPHU±
PRQRFXOWXUHRIL. conchilega/&VSULQJ±PRQRFXOWXUHVRIL. conchilegaDQGC. edule




/FRPPXQLW\  LQ VLWX LaniceFRPPXQLW\ $(VXPPHU ± PRQRFXOWXUHV RI A. filiformis DQG
E. cordatum $(VSULQJ ± PRQRFXOWXUHV RI A. filiformis DQG E. cordatum $FRPXQLW\ ±
LQVLWXAmphiuraFRPPXQLW\ 1VXPPHU ± PRQRFXOWXUHV RI N. nitidosa 12VSULQJ ±
PRQRFXOWXUHVRIN. nitidosa DQGO. fusiformis1FRPPXLW\LQVLWXNuculaFRPPXQLW\
6DPSOLQJRIRUJDQLVPVDQGVHGLPHQWDVZHOODVH[SHULPHQWVDUHGHVFULEHGLQGHWDLOE\
:UHGHHWDODQG:UHGHHWDOVXEPLWWHG
2.2 Measurements of biogeochemical cycling 
1XWULHQWIOX[HV¨>32@¨>6L2@¨>1+@¨>12@DQG¨>12@ZHUHPHDVXUHGRQ
WKH VHYHQWK GD\ DIWHU WKH VWDUW RI WKH H[SHULPHQWV$W WKH VWDUW RI WKH LQFXEDWLRQ W
ZDWHUIORZZDVVWRSSHGDQGDVRGLXPEURPLGHVROXWLRQZDVFDXWLRXVO\VWLUUHGLQWRWKH
ZDWHU FROXPQ RI HDFK FRUH RU LQFXEDWLRQ FKDPEHU IRU DVVHVVPHQW RI ELRLUULJDWLRQ
6HDZDWHU VDPSOHV RI PO VXPPHU  RU PO VSULQJ  ZHUH H[WUDFWHG DQG
ILOWHUHG  P VXUIDFWDQWIUHH FHOOXORVH DFHWDWH PHPEUDQH 0LQLVDUW 6\ULQJH )LOWHU




6($/$$+5$XWRDQDO\]HU DQG ,62VWDQGDUGSURFHGXUHV 0707RI WKH
PDQXIDFWXUHU6($/$QDO\WLFDO)OX[HVRI>32@>6L2@>1+@>12@DQG>12@
ZHUH GHWHUPLQHG IURP WKH FKDQJHV LQ FRQFHQWUDWLRQ & RYHU WLPH DQG DUH JLYHQ DV
¨>&@  WW¨>32@ZDVRQO\PHDVXUHG LQ WKHVSULQJ WUHDWPHQWV2ZLQJ WRD














7DEOH (QYLURQPHQWDO FRQGLWLRQVZLWKLQ WKH QLQH75($70(17 FDWHJRULHV tr Q JLYHV WKHQXPEHURI
GDWDVHWVWKDWZHUHDOORFDWHGWRHDFKFDWHJRU\RIWUHDWPHQWQNO3-JLYHVWKHQXPEHURIGDWDVHWVZKLFKZHUH
LQFOXGHGLQWKHVWDWLVWLFDODVVHVVPHQWRI¨>12@SWKHVHGLPHQWW\SHVVDQGVILQHVDQGIVPXGP
c WKH VSHFLHV FRPSRVLWLRQ FRPPXQLW\ &PRQRFXOWXUH 0 DQG7 WKH WHPSHUDWXUH LQ & $PELHQW
QXWULHQWFRQGLWLRQVLQWKH6\OW5¡P¡%LJKWDWWKHVWDUWRIWKHLQFXEDWLRQVDUHJLYHQIRUSKRVSKDWHVLOLFDWH
DPPRQLXPQLWUDWHDQGQLWULWHLQPROODVDSUR[\IRUWKHQXWULHQWJUDGLHQWVEHWZHHQVHGLPHQWDQGZDWHU
FROXPQ GXULQJ WKH LQFXEDWLRQ %ODQN VSDFHV LQGLFDWH WKDW QR GDWD LV DYDLODEOH IRU WKHVH WUHDWPHQWV
SKRVSKDWHRUH[FOXGHGGXHWRHUURUVQLWUDWH$VWHULVNV LQGLFDWH WKDW WKHGDWDIRU WKHVHFDWHJRULHVZDV
WDNHQIURP:UHGHHWDO
tr n nNO3- S c T >32@ >12@ >12@ >1+@ >6L2@
/FRPPXQLW\   V &      
/&VSULQJ   V 0      
/VXPPHU   V 0      
$FRPPXQLW\   IV &      
$(VSULQJ   IV 0      
$(VXPPHU   IV 0      
1FRPPXQLW\   P &      
12VSULQJ   P 0      
1VXPPHU   P 0      

/DWHUDQDO\VLVUHYHDOHGREYLRXVGHYLDWLRQVIURPWKHH[SHFWHGYDOXHVE\DSSUR[LPDWHO\
WKH VDPHYDOXH LQ WKHPHDVXUHPHQWVRI WKHQLWUDWH FRQFHQWUDWLRQV >12@ DW W VKRXOG
DOZD\VEHVLPLODUZLWKLQDWUHDWPHQW$VQRQHRIWKHRWKHUDQDO\]HGQXWULHQWVVKRZHG
VLPLODUSDWWHUQVRIGHYLDWLRQZHDWWULEXWHGWKHGHYLDWLQJYDOXHVWRDPDOIXQFWLRQRIWKH
$XWRDQDO\VHU DQG QRW WKH H[SHULPHQWDO VHW XS$FFRUGLQJO\ZH H[FOXGHG  FRUHV RU
LQFXEDWLRQ FKDPEHUV IURP RULJLQDOO\  IRU WKH VWDWLVWLFDO DQDO\VLV RI ǻ>12@
7DE
2.3 Determination of body mass 
2UJDQLVPVWKDWVXUYLYHGWKHH[SHULPHQWDOSHULRGRIGD\VZHUHUHFRYHUHGDQGIL[HGLQ
DOFRKRO VXPPHU  RU LQ D EXIIHUHG  IRUPDOGHK\GH VROXWLRQ VSULQJ  IRU
VXEVHTXHQWHVWLPDWLRQRIPDFURIDXQDOERG\PDVV$IWHUDWOHDVWWKUHHPRQWKVRIVWRULQJ
VSHFLHVWD[RQRP\DEXQGDQFHDQGELRPDVVLQZHWPDVVJ::GU\PDVVJ'0DQG
DVK IUHH GU\ PDVV J $)': RI HDFK VSHFLHV SHU FRUH RU LQFXEDWLRQ FKDPEHU ZHUH
GHWHUPLQHG ,Q DFFRUGDQFH ZLWK :HW]HO HW DO  ZH DVVXPHG WKDW WKHUH DUH QR
VLJQLILFDQW GLIIHUHQFHV LQ WKH ERG\ PDVV PHDVXUHPHQWV EHWZHHQ DOFRKRO RU
IRUPDOGHK\GHIL[HGVDPSOHV




2.4 Calculation of bioturbation and irrigation potential 
7KHLUULJDWLRQSRWHQWLDO,3RIWKHFRPPXQLW\LQHDFKFRUHRULQFXEDWLRQFKDPEHU,3F
ZDVFDOFXODWHGDFFRUGLQJWR:UHGHHWDOVXEPLWWHGE\
ୡ ൌ σ ቀ஻೔஺೔ቁ
଴Ǥ଻ହ כ ܣ௜௡௜ୀଵ כ ܤ ௜ܶ כ ܨ ௜ܶ כ ܫܦ௜      
ZKHUH Ai DQG Bi DUH DEXQGDQFH DQG ELRPDVV RI VSHFLHV i DQG BTi FTi DQG IDi DUH
FDWHJRULFDO VFRUHV GHVFULELQJ EXUURZ W\SH IHHGLQJ W\SH DQG LQMHFWLRQ SRFNHW GHSWK
&DWHJRULFDOVFRUHVRQ LUULJDWLRQ WUDLWVZHUHFRPSLOHG IURPWKHFODVVLILFDWLRQVSURYLGHG
E\:UHGHHWDOVXEPLWWHG
7KHELRWXUEDWLRQSRWHQWLDO %3RI WKHFRPPXQLW\ LQHDFKFRUHRU LQFXEDWLRQFKDPEHU
%3FZDVFDOFXODWHGDFFRUGLQJWR6RODQHWDODQG4XHLUyVHWDO
ୡ ൌ σ ቀ஻೔஺೔ቁ
଴Ǥହ כ ܣ௜௡௜ୀଵ כ ܯ௜ כ ܴ௜       
ZKHUHAiDQGBiDUHDEXQGDQFHDQGELRPDVVRIVSHFLHViDWDVWDWLRQZKLOHMiDQGRiDUH
FDWHJRULFDO VFRUHV GHVFULELQJ WKH PRELOLW\ DQG UHZRUNLQJ PRGH RI VSHFLHV i
&DWHJRULFDO VFRUHV ZHUH DGRSWHG IURP WKH FODVVLILFDWLRQV SURYLGHG E\ 4XHLUyV HW DO
 0LVVLQJ LQIRUPDWLRQ RQ PRELOLW\ DQG UHZRUNLQJ PRGH ZDV FRPSLOHG IURP
OLWHUDWXUHIROORZLQJWKHUXOHVSURSRVHGE\4XHLUyVHWDO
,Q RUGHU WR DVVHVV ZKHWKHU LUULJDWLRQ WUDLWV RU WKH ERG\ PDVV VFDOLQJ IDFWRU DUH
UHVSRQVLEOH IRU GLIIHUHQFHV EHWZHHQ ,3F DQG %3F ZH DOVR FDOFXODWHG D PRGLILHG ,3F
P,3F:HWKHUHE\H[FKDQJHGWKH,3FERG\PDVVVFDOLQJIDFWRURIDJDLQVWWKH%3F
ERG\PDVV VFDOLQJ IDFWRU RI  %RWK ,3F DQG %3F DV ZHOO DV P,3F ZHUH FDOFXODWHG
EDVHGRQERWK:0DQG$)'0
2.3 Statistical analysis 
:H FRQVWUXFWHG JHQHUDOL]HG OLQHDU PRGHOV */0 RI ¨>32@ ¨>6L2@  ¨>1+@
¨>12@DQG¨>12@DVDIXQFWLRQRIHLWKHU,3FRU%3FFDOFXODWHGIRUERWKLQ:0DQG
$)'0 WKH FDWHJRULFDO YDULDEOH 75($70(17 /FRPPXQLW\ /&VSLQJ /VXPPHU $FRPPXQLW\
$(VSULQJ $(VXPPHU 1FRPPXQLW\ 12VSLQJ 1VXPPHU DQG WKH LQWHUDFWLRQ EHWZHHQ LQGH[ DQG
75($70(177KHEHVWPRGHOZDV LGHQWLILHGE\EDFNZDUGVHOHFWLRQDQGFRPSDULVRQRI
$NDLNH¶V LQIRUPDWLRQ FULWHULRQ $,&ZKHUH WKH ORZHVW $,& LQGLFDWHV WKH EHVWPRGHO




=XXU HW DO 9LVXDO LQVSHFWLRQRI WKH UHVLGXDO SORWVRI WKHEHVWPRGHOV GLGQRW
LQGLFDWH GHYLDWLRQ IURP KRPRVFHGDVWLFLW\ EXW IURP QRUPDOLW\ IRU WKH */0¶V RI
¨>32@¨>6L2@¨>1+@ DQG¨>12@7UDQVIRUPDWLRQRI WKHGDWDGLGQRW DFKLHYH
QRUPDOLW\
$FFRUGLQJ WR 4XLQQ DQG.HRXJK  QRUPDOLW\ LV DQ LPSRUWDQW EXW QRW D FUXFLDO
DVVXPSWLRQZKHUHDV*HOPDQDQG+LOOGRQRWHYHQUHFRPPHQGWKHGLDJQRVWLFVRI
QRUPDOLW\ IRU */0¶V <HW WR UHGXFH WKH OLNHOLKRRG RI D W\SH , HUURU GXH WR QRQ
QRUPDOLW\RIWKHGDWDZHORZHUHGWKHVLJQLILFDQFHOHYHOWRĮ
)RU WKH HVWLPDWLRQ RI WKH HIIHFW RI WKH LQGHSHQGHQW YDULDEOHV LQGH[ 75($70(17
LQWHUDFWLRQEHWZHHQ75($70(17DQGLQGH[ZHXVHGWKH:DOG&KLVTXDUHWHVW7RWHVW
IRU GLIIHUHQFHV GXH WR WKH LQGH[ FRPSRVLWLRQ VFDOLQJ IDFWRU WUDLWV ZH FRQVWUXFWHG
IXUWKHU*/0¶VRI WKHQXWULHQW IOX[PHDVXUHPHQWVDVD IXQFWLRQRIP,3F FDOFXODWHG LQ
ERWK :0 DQG $)'0 WKH 75($70(17 DQG WKH LQWHUDFWLRQ RI WKH LQGH[ ZLWK WKH
75($70(17 7KH EHVW PRGHO ZDV FKRVHQ E\ FRPSDULVRQ RI $,& 6XEVHTXHQWO\ ZH
FRPSDUHG$,&RIWKH*/0¶VEDVHGRQP,3FDJDLQVW$,&RIWKH*/0¶VEDVHGRQ,3FRU
%3F6PDOOHU$,&mIPc LQGLFDWHG IRU*/0¶VEDVHGRQ ,3F WKDWQXWULHQW IOX[HVDUHEHWWHU
UHSUHVHQWHGZLWKDERG\PDVV VFDOLQJ IDFWRURIZKLOH IRU*/0¶VEDVHGRQ%3F LW
LQGLFDWHG WKDW LUULJDWLRQ WUDLWV UHSUHVHQW QXWULHQW IOX[ VHGLPHQW UHZRUNLQJ WUDLWV $OO
DQDO\VHV ZHUH FDUULHG RXW ZLWKLQ WKH 5 VWDWLVWLFDO DQG SURJUDPPLQJ HQYLURQPHQW 5
&RUH7HDP $129$DQDO\VLV RI*/0¶VZDV SHUIRUPHGZLWK WKH SDFNDJH FDU
)R[DQG:HLVEHUJ





,3F$)'0  FRUUHODWHVZLWK DOOPHDVXUHG QXWULHQW IOX[HV VLJQLILFDQWO\ Į   7DE
75($70(17 DIIHFWV WKH UDWHV RI DOO PHDVXUHG IOX[HV VLJQLILFDQWO\ Į   7DE
$VLJQLILFDQW LQWHUDFWLRQRI ,3F$)'0DQG75($70(17ZDV IRXQG IRU¨>12@¨>12@
DQG¨>6L2@,3F$)'0LVWKHRQO\LQGH[WKDWVLJQLILFDQWO\SUHGLFWV¨>32@Ȥð 
S 
7DEOH6WDWLVWLF UHVXOWV Ȥ², df DQG p > Ȥ² IURPWKH$129$DQDO\VLVRI WKHEHVW ORZHVW$,&*/0
PRGHOVRI¨>32@¨>12@¨>12@¨>1+@DQG¨>6L2@DVDIXQFWLRQRIWKHLQGLFHVx,3FDQG%3F
ERWKEDVHGRQ:0DVZHOODV$)'0WKH75($70(17trDQGWKHLQWHUDFWLRQinEHWZHHQLQGLFHVDQG
75($70(17$VWHULVNVLQGLFDWHVLJQLILFDQFHĮLQFROXPQp > Ȥ². ,QWKH$,&FROXPQWKH\KLJKOLJKW
WKH ORZHVW $,& LH WKH PRGHO WKDW GHVFULEHV WKH GLVWULEXWLRQ RI WKH GDWD EHVW 'DVKHV LQGLFDWH WKDW
EDFNZDUGVHOHFWLRQYLDORZHVW$,&KDVHLWKHUH[FOXGHGWKHLQWHUDFWLRQIURPWKHPRGHORULQFDVHRI%3F
WKHLQGH[ 
Ȥ² df p > Ȥ² 
x QXWULHQW x tr in x tr in x tr in $,& 
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7DE 75($70(17 DIIHFWV DOO PHDVXUHG IOX[HV VLJQLILFDQWO\ Į   7DE
$VLJQLILFDQW LQWHUDFWLRQRI ,3F:0DQG75($70(17ZDV IRXQG IRU¨>12@ ¨>12@
¨>1+@DQG¨>6L2@
$,&LQGLFDWHVWKDWWKH*/0RI,3F$)'0DQG75($70(17SUHGLFWV¨>32@EHVW)LJ
ZKLOH WKH */0¶V RI ,3F:0 75($70(17 DQG WKH LQWHUDFWLRQ ,3F:0 DQG 75($70(17
SUHGLFW ¨>12@  ¨>12@ ¨>1+@ DQG ¨>6L2@ EHVW 7DE )LJ )LJ )LJ
)LJ
)LJ  &KDQJH LQ SKRVSKDWH FRQFHQWUDWLRQ ¨>32@ RYHU HLJKW KRXUV LQ WKH RYHUO\LQJZDWHU FROXPQ















































































DJDLQVW ,3F:0 GLVSOD\HG IRU HDFK75($70(17 FDWHJRU\/LQHV LQGLFDWH WKH SUHGLFWHG¨>12@ IURP WKH
































































































,3F:075($70(17 1RWH WKDW WKH OLQHV DUH QR LQGLFDWLRQ WKDW WKH VSHFLILF WUHDWPHQW VLJQLILFDQWO\
DIIHFWHG¨>12@)XOOFRHIILFLHQW WDEOH LVJLYHQ LQ WKHDSSHQGL[1RWHIXUWKHU WKDW WKH\D[LVVFDOLQJRI










































































































)LJ&KDQJH LQ DPPRQLXPFRQFHQWUDWLRQ ¨>1+@ RYHU HLJKWKRXUV LQ WKHRYHUO\LQJZDWHU FROXPQ
SORWWHG DJDLQVW ,3F:0 GLVSOD\HG IRU HDFK 75($70(17 FDWHJRU\ /LQHV LQGLFDWH WKH SUHGLFWHG ¨>1+@



































































































DJDLQVW ,3F:0 GLVSOD\HG IRU HDFK75($70(17 FDWHJRU\/LQHV LQGLFDWH WKH SUHGLFWHG¨>6L2@ IURP WKH
*/0 WKDW GHVFULEHG WKH FKDQJH RI ¨>6L2@ EHVW LH ¨>6L2@   ,3F:0  75($70(17 
,3F:075($70(171RWHWKDWWKHOLQHVDUHQRLQGLFDWLRQWKDWWKHVSHFLILFWUHDWPHQWVLJQLILFDQWO\DIIHFWHG
¨>6L2@)XOOFRHIILFLHQW WDEOH LVJLYHQ LQ WKHDSSHQGL[1RWHIXUWKHU WKDW WKH\D[LVVFDOLQJRI$(VXPPHU

































































































UHSUHVHQWDWLRQ RI WKH GDWD FRPSDUHG WR WKH PRGHOV EDVHG RQ WKHLU UHVSHFWLYH %3F
FRXQWHUSDUW
%RWK%3F$)'0DQG%3F:0ZHUHUHPRYHGE\EDFNZDUGVHOHFWLRQIURPWKHLU*/0¶VRI
¨>32@ DV SKRVSKDWH IOX[ LV EHWWHU SUHGLFWHG E\ 75($70(17 DORQH ZLWKRXW HLWKHU










RI WKH LQGLFHV x ,3F DQG %3F $,&x FRPSDUHG DJDLQVW $,& RI WKH EHVW */0 PRGHOV RI ¨>32@





x QXWULHQW $,&x $,&mIPc $,&x $,&mIPc
,3F ¨>32@ 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*HQHUDOO\ ,3F SUHGLFWV DOO QXWULHQW IOX[HV EHWWHU WKDQ %3F 7KH$,& FRPSDULVRQZLWK
P,3FPRGHOV LQGLFDWHVWKDW WKHLPSURYHPHQWRISUHGLFWLRQDFFXUDF\LVQRWRQO\FDXVHG
E\WKHGLIIHUHQWERG\PDVVVFDOLQJIDFWRURIERWKPRGHOVEXWWKDWLWLVDOVRDGLUHFWUHVXOW
RI WKHGHVFULSWLRQRIPDFURIDXQDO DFWLYLW\YLD LUULJDWLRQ WUDLWV7KLV FRQILUPV WKHYLHZ
WKDW ELRJHRFKHPLFDO WXUQRYHU DQG UHPLQHUDOL]DWLRQ LV PRVWO\ GULYHQ E\ WKH LUULJDWLYH
LQWURGXFWLRQ RI R[\JHQDWHG ZDWHU LQWR RWKHUZLVH DQR[LF OD\HUV RI WKH VHGLPHQW
0HUPLOORG%ORQGLQHWDO1DHWDODQGWKHRXWIOXVKLQJRIQXWULHQWVWKDW
GRQRWXQGHUJRR[LGDWLRQRUUHGXFWLRQUHDFWLRQVHJVLOLFDWH0DULQHOOL
6XUSULVLQJO\ WKH XVH RIZHWPDVV :0 DV ERG\PDVV XQLW LQ ,3F:0 OHDGV WR EHWWHU
SUHGLFWLRQVRI¨>6L2@¨>1+@¨>12@DQG¨>12@WKDQWKHXVHRIDVKIUHHGU\PDVV
$)'0 LQ ,3F$)'0 7KLV LV LQ FRQWUDVW WR WKH ELRLUULJDWLRQ PRGHOV RI :UHGH HW DO
VXEPLWWHGZKHUH,3F$)'0LV WKHVXSHULRUSUHGLFWRUDFURVVDOOVHGLPHQW W\SHV$)'0
UHSUHVHQWV WKHELRORJLFDOO\DFWLYHSDUWRI DQRUJDQLVP LH LW LV D UHDVRQDEOHSUR[\RI
PHWDEROLFDFWLYLW\:0LQFOXGLQJIOXLGDQGLQRUJDQLFSDUWVRQWKHRWKHUKDQGPD\EH
D EHWWHU SUR[\ RI ERG\ YROXPH LH WKH VSDFH DQ RUJDQLVP RFFXSLHV LQ WKH VHGLPHQW
:KLOHWKHUDWLRRI$)'0DQG:0LH$)'0:0GRHVQRWYDU\GUDPDWLFDOO\DFURVV





ZDWHU LV IORZLQJ WKURXJK LV D IXUWKHU GHWHUPLQDQW RI QXWULHQW IOX[  /DYHURFN HW DO
7KLVVHGLPHQWYROXPHLVUHODWHGWRWKHVL]HYROXPHRIWKHRUJDQLVPLQTXHVWLRQ
¨>32@KRZHYHUEHKDYHVGLIIHUHQWO\DV LW LVSUHGLFWHGEHVWE\,3F$)'08QGHUR[LF
VHGLPHQW FRQGLWLRQV SKRVSKDWH LV HIILFLHQWO\ ERXQG E\ DEVRUSWLRQ WR IHUULF
R[\K\GUR[LGHV -¡UJHQVHQ  )URP WKHVH LW PD\ EH UHOHDVHG GXULQJ SHULRGV RI
DQR[LD -¡UJHQVHQ  7KH LUULJDWLYH LQWURGXFWLRQ RI R[\JHQ LQWR WKH VHGLPHQW LV
WKXVQRUPDOO\FRXQWHUDFWLQJWKHRXWIORZRISKRVSKDWHIURPPDULQHVHGLPHQWV&ODYHUR
HW DO  &ODYHUR HW DO  &ODYHUR HW DO  <HW SKRVSKDWHPD\ VWLOO EH
UHOHDVHG DV D UHVXOW RI H[FUHWLRQ RU HJHVWLRQ DFWLYLWLHV RI WKH LQKDELWLQJ PDFURIDXQD
*DUGQHU HW DO .UDQW]EHUJ  RU E\ UDSLG LQWHQVLYH DGYHFWLYH IOXVKLQJ RI










VXIILFLHQW WRGHVFULEH ¨>1+@1H[W WRH[FUHWLRQDPPRQLXP LVDSURGXFWRIDHURELF
DQGDQDHURELFUHPLQHUDOLVDWLRQZLWKLQQDWXUDOVHGLPHQWV$OOHU.ULVWHQVHQ
/DYHURFNHWDO,UULJDWLRQPD\VWLPXODWHDPPRQLXPSURGXFWLRQLQWKHVHGLPHQW
DZD\ IURP WKH EXUURZ ZDOOV E\  WR  DV LW UHPRYHV PHWDEROLWHV WKDW LQKLELW






RWKHU HFRV\VWHP FKDUDFWHULVWLFV HJ WRWDO RUJDQLF FRQWHQW SHUPHDELOLW\ ZDYH DFWLRQ
FXUUHQWV LQWHQVLW\RIEDFWHULDPHGLDWHGSURFHVVHV WHPSHUDWXUH DQGJUDGLHQWVEHWZHHQ
WKHVHGLPHQWDQGZDWHUFROXPQ.UDQW]EHUJ0HUPLOORG%ORQGLQDQG5RVHQEHUJ
 :RKOJHPXWK HW DO  $FFRUGLQJO\ WKH FDWHJRULFDO YDULDEOH 75($70(17
ZKLFKZHLQWURGXFHGWRDFFRXQWIRU WKHGLIIHUHQWHQYLURQPHQWDOFRQGLWLRQVLQRXUGDWD





VRSKLVWLFDWHG HFRV\VWHP PRGHOV ZKLFK LQFRUSRUDWH SHUPHDELOLW\ FKDQJLQJ QXWULHQW




















$OOHU 5&  %LRWXUEDWLRQ DQG UHPLQHUDOL]DWLRQ RI VHGLPHQWDU\ RUJDQLFPDWWHU
HIIHFWVRIUHGR[RVFLOODWLRQ&KHP*HRO
%DUDQRY 9 /HZDQGRZVNL - .UDXVH 6  %LRWXUEDWLRQ HQKDQFHV WKH DHURELF
UHVSLUDWLRQRIODNHVHGLPHQWVLQZDUPLQJODNHV%LRO/HWWHUV
%LUFKHQRXJK 615 3DUNHU 5( 0F0DQXV ( %DUU\ -  &RPELQLQJ
ELRWXUEDWLRQ DQG UHGR[ PHWULFV SRWHQWLDO WRROV IRU DVVHVVLQJ VHDEHG IXQFWLRQ (FRO
,QGLF







%UDHFNPDQ 8 3URYRRVW 3 *ULEVKROW % 9DQ *DQVEHNH ' 0LGGHOEXUJ --
6RHWDHUW . 9LQF[0 9DQDYHUEHNH -  5ROH RIPDFURIDXQD IXQFWLRQDO WUDLWV
DQGGHQVLW\LQELRJHRFKHPLFDOIOX[HVDQGELRWXUEDWLRQ0DU(FRO3URJ6HU
&ODYHUR 9 )HUQiQGH] -$ 1LHOO );  %LRWXUEDWLRQ E\ 1HUHLV VS DQG LWV
HIIHFWVRQWKHSKRVSKDWHIOX[DFURVVWKHVHGLPHQWZDWHULQWHUIDFHLQWKH3DOPRQHV5LYHU
HVWXDU\+\GURELRORJLD
&ODYHUR 9 1LHOO ) )HUQDQGH] -  (IIHFWV RI 1HUHLV GLYHUVLFRORU2)0XOOHU
DEXQGDQFHRQWKHGLVVROYHGSKRVSKDWHH[FKDQJHEHWZHHQVHGLPHQWDQGRYHUO\LQJZDWHU
LQ3DOPRQHV5LYHU(VWXDU\6RXWKHUQ6SDLQ(VWXDU&RDVW6KHOI6




&ODYHUR 9 1LHOO ); )HUQDQGH] -  $ ODERUDWRU\ VWXG\ WR TXDQWLI\ WKH




*DUGQHU :6 1DOHSD 7) 4XLJOH\ 0$ 0DOF]\N -0  5HOHDVH RI
SKRVSKRUXVE\FHUWDLQEHQWKLFLQYHUWHEUDWHV&DQ-)LVK$TXDW6FL
*HOPDQ $ +LOO -  'DWD DQDO\VLV XVLQJ UHJUHVVLRQ DQG PXOWLOHYHOKLHUDUFKLFDO
PRGHOV&DPEULGJH8QLYHUVLW\3UHVV1HZ<RUN1HZ<RUN86$
*RJLQD 0 0RU\V & )RUVWHU 6 *UlZH 8 )ULHGODQG 5 =HWWOHU 0/ 
7RZDUGVEHQWKLFHFRV\VWHPIXQFWLRQLQJPDSVTXDQWLI\LQJELRWXUEDWLRQSRWHQWLDOLQWKH
*HUPDQSDUWRIWKH%DOWLF6HD(FRO,QGLF
+HQULNVHQ. 5DVPXVVHQ0 -HQVHQ$  (IIHFW RI ELRWXUEDWLRQ RQPLFURELDO
QLWURJHQ WUDQVIRUPDWLRQV LQ WKH VHGLPHQW DQG IOX[HV RI DPPRQLXP DQG QLWUDWH WR WKH
RYHUOD\LQJZDWHU(FRO%XOO
-¡UJHQVHQ %  7KH PDMRU ELRJHRFKHPLFDO F\FOHV DQG WKHLU LQWHUDFWLRQV -RKQ
:LOH\	6RQV
.UDQW]EHUJ *  7KH LQIOXHQFH RI ELRWXUEDWLRQ RQ SK\VLFDO FKHPLFDO DQG
ELRORJLFDOSDUDPHWHUVLQDTXDWLFHQYLURQPHQWVDUHYLHZ(QYLURQ3ROOXW$
.ULVWHQVHQ (  2[\JHQ DQG LQRUJDQLF QLWURJHQ H[FKDQJH LQ D 1HUHLV
YLUHQV3RO\FKDHWDELRWXUEDWHGVHGLPHQWZDWHUV\VWHP-&RDV5HV





/RKUHU $0 7KUXVK 6) *LEEV 00  %LRWXUEDWRUV HQKDQFH HFRV\VWHP
IXQFWLRQWKURXJKFRPSOH[ELRJHRFKHPLFDOLQWHUDFWLRQV1DWXUH




0DULQHOOL 5/  (IIHFWV RI SRO\FKDHWHV RQ VLOLFDWH G\QDPLFV DQG IOX[HV LQ
VHGLPHQWV LPSRUWDQFH RI VSHFLHV DQLPDO DFWLYLW\ DQG SRO\FKDHWH HIIHFWV RQ EHQWKLF
GLDWRPV-0DU5HV
0HUPLOORG%ORQGLQ ) 5RVHQEHUJ 5  (FRV\VWHP HQJLQHHULQJ WKH LPSDFW RI
ELRWXUEDWLRQ RQ ELRJHRFKHPLFDO SURFHVVHV LQ PDULQH DQG IUHVKZDWHU EHQWKLF KDELWDWV
$TXDW6FL
0HUPLOORG%ORQGLQ ) 5RVHQEHUJ 5 )UDQoRLV&DUFDLOOHW ) 1RUOLQJ.0DXODLUH
/  ,QIOXHQFH RI ELRWXUEDWLRQ E\ WKUHH EHQWKLF LQIDXQDO VSHFLHV RQ PLFURELDO
FRPPXQLWLHV DQGELRJHRFKHPLFDOSURFHVVHV LQPDULQH VHGLPHQW$TXDW0LFURE(FRO

0XUUD\)'RXJODV$6RODQ06SHFLHV WKDW VKDUH WUDLWVGRQRWQHFHVVDULO\
IRUP GLVWLQFW DQG XQLYHUVDOO\ DSSOLFDEOH IXQFWLRQDO HIIHFW JURXSV 0DULQH (FRORJ\
3URJUHVV6HULHV




5DPLUH] $ 5HLVV + 6RODQ 0 6RPHUILHOG 3- 9DQ &ROHQ & 9DQ +RH\ *




5 &RUH 7HDP  5 $ /DQJXDJH DQG (QYLURQPHQW IRU 6WDWLVWLFDO &RPSXWLQJ 5
)RXQGDWLRQIRU6WDWLVWLFDO&RPSXWLQJ9LHQQD$XVWULD
5DEDXW 0 9LQF[ 0 'HJUDHU 6  'R /DQLFH FRQFKLOHJD VDQGPDVRQ
DJJUHJDWLRQV FODVVLI\ DV UHHIV"4XDQWLI\LQJKDELWDWPRGLI\LQJHIIHFWV+HOJRODQG0DU
5HV
6DO]ZHGHO+5DFKRU(*HUGHV' %HQWKLFPDFURIDXQD FRPPXQLWLHV LQ WKH
*HUPDQ%LJKW9HU|II,QVW0HHUHVI%UHPHUKDYHQ




6RODQ 0 &DUGLQDOH %- 'RZQLQJ $/ (QJHOKDUGW .$0 5XHVLQN -/
6ULYDVWDYD '6  ([WLQFWLRQ DQG HFRV\VWHP IXQFWLRQ LQ WKH PDULQH EHQWKRV
6FLHQFH
:HW]HO0$/HXFKV+.RRS-+(3UHVHUYDWLRQHIIHFWVRQZHWZHLJKWGU\
ZHLJKW DQG DVKIUHH GU\ZHLJKW ELRPDVV HVWLPDWHV RI IRXU FRPPRQ HVWXDULQHPDFUR
LQYHUWHEUDWHV QR GLIIHUHQFH EHWZHHQ HWKDQRO DQG IRUPDOLQ +HOJRODQG 0DU 5HV 

:RKOJHPXWK'6RODQ0*RGEROG -$ 6SHFLHVFRQWULEXWLRQV WRHFRV\VWHP
SURFHVV DQG IXQFWLRQ FDQEHSRSXODWLRQGHSHQGHQW DQGPRGLILHGE\ELRWLF DQGDELRWLF
VHWWLQJ3URF56RF6HU%%LR
:UHGH$'DQQKHLP-*XWRZ/%UH\7:KRUHDOO\PDWWHUV,QIOXHQFHRI










7KLV WKHVLV DGGUHVVHV WKH GHYHORSPHQW DQG DSSOLFDWLRQ RI HDVLO\ DSSOLFDEOH FRQFHSWV
DOORZLQJ IRU WKH TXDQWLILFDWLRQ RI VHGLPHQW UHZRUNLQJ DQG WKH SUHGLFWLRQ RI
ELRLUULJDWLRQ 7KLV KDV WKH SRWHQWLDO RI IDFLOLWDWLQJ WKH HVWLPDWLRQ RI PDFURIDXQDO
LQIOXHQFHRQELRJHRFKHPLFDOSURFHVVHVLQVKHOIVHDDUHDVVXFKDVWKH*HUPDQ%LJKW
7R GDWH VHGLPHQW UHZRUNLQJ PD\ RQO\ EH TXDQWLILHG WKURXJK H[SHULPHQWDO
PHDVXUHPHQW 0HDVXUHPHQWV RI VXEWLGDO in situ FRPPXQLWLHV KRZHYHU DUH VSDUVH
EHFDXVH WKHFRPPRQH[SHULPHQWDOPHWKRGRORJ\ IRUTXDQWLILFDWLRQRI LQ VLWX VHGLPHQW
UHZRUNLQJLVYHU\WLPHFRQVXPLQJ*LOEHUWHWDO0DLUHHWDO6RODQHWDO
E 7KLV LPSHGHV WKH DVVHVVPHQW RI VHGLPHQW UHZRUNLQJ RYHU EURDG VSDWLDO DQG
WHPSRUDO VFDOHV =KDQJDQG:LUW] 7ZRRI WKHPRVW FRPPRQO\XVHGPHWKRGV
VHGLPHQW SURILOH LPDJLQJ 63, DQG VWDQGDUG VOLFLQJ WHFKQLTXH 67ZHUH FRPSDUHG
DQG WHVWHG IRU D VXFFHVVIXO DVVHVVPHQW RI VHGLPHQW UHZRUNLQJ IURP F\OLQGULFDOPXOWL
FRUHUVDPSOHVManuscript I63,SURYHGWREHVXLWDEOHDQGPRUHDFFXUDWHFRPSDUHGWR
667 IRU WKH LQYHVWLJDWLRQ RI JHQHUDO SDWWHUQV RI VHGLPHQW UHZRUNLQJ LQ QDWXUDO
FRPPXQLWLHV 7KH QHHG IRU WLPHFRQVXPLQJ VOLFLQJ RU WKH FRPSOH[ WUDQVIHU LQWR
UHFWDQJXODUDTXDULDDVSUHYLRXVO\QHFHVVDU\4XHLUyVHWDO6RODQHWDOE
LV WKXV RPLWWHG 7KLV VKRXOG LQFUHDVH WKH IHDVLELOLW\ RI VWXGLHV RQ VSDWLRWHPSRUDO
SDWWHUQV RI VHGLPHQW UHZRUNLQJ DFWLYLW\ 6XFK VWXGLHV PD\ VXSSRUW WKH YDOLGDWLRQ RI
QHZO\GHYHORSHGPHFKDQLVWLFPRGHOVHJ=KDQJDQG:LUW]
3UHYLRXVHIIRUWVWRHVWLPDWHVSDWLRWHPSRUDOSDWWHUQVVHGLPHQWUHZRUNLQJZLWKLQGLFHVRU
PHFKDQLVWLF PRGHOV KDYH UHFHQWO\ EHHQ GHHPHG LQFRQVLVWHQW 4XHLUyV HW DO 
6DQGQHV HW DO  4XHLUyV HW DO  DQG ILQGLQJV IURP Manuscript II
GHPRQVWUDWHG WKDW WKH ELRWXUEDWLRQ SRWHQWLDO %3F ZKLFK ZDV VSHFLILFDOO\ FUHDWHG WR
HVWLPDWH WKHSRWHQWLDORIFRPPXQLWLHV WR UHZRUN WKHVHGLPHQWGRHVQRWFRUUHODWHZLWK
DFWXDO VHGLPHQW UHZRUNLQJ UDWHV %3F UDWKHU FRUUHODWHG ZLWK QXWULHQW IOX[HV RI
DPPRQLXPQLWUDWHQLWULWHDQGVLOLFDWHManuscript IIZKLFKFRUURERUDWHVWKHILQGLQJV









HW DO ZKLFK LQ WXUQ DUH SULPDULO\ GHSHQGHQW RQ ERG\PDVV DQG IHHGLQJ W\SH
&KULVWHQVHQHWDO1H[W WR VHGLPHQW UHZRUNLQJ WUDLWVDQGDEXQGDQFH%3FDOVR
FRQWDLQV D WHUP WKDW GHVFULEHV WKH ERG\ PDVV RI PDFURIDXQDO RUJDQLVPV 7KLV PD\
H[SODLQZK\%3FFRUUHODWHVZLWKELRLUULJDWLRQ+RZHYHUDOOWKLQJVFRQVLGHUHG%3FLVDQ
DPELJXRXV DQG LQFRQVLVWHQW WRRO IRU WKH SUHGLFWLRQ RI PDFURIDXQDO LQIOXHQFH RQ
ELRJHRFKHPLFDOSURFHVVHV
,Q RUGHU WR IDFLOLWDWH UHOLDEOH HVWLPDWLRQV RI PDFURIDXQDO HQKDQFHPHQW RI
ELRJHRFKHPLFDO SURFHVVHV D QHZO\ GHYHORSHG LQGH[ LV SURSRVHG  WKH ,UULJDWLRQ
3RWHQWLDO,3FManuscript III7KH,3FLVDQDGDSWDWLRQRIWKH%3FZKHUHWKHVHGLPHQW




ZDV FDOFXODWHG IURP WKH DVK IUHH GU\ ERG\ PDVV ,3F TXDQWLWDWLYHO\ SUHGLFWHG




,Q FRPSDULVRQ WR VHGLPHQW UHZRUNLQJ ELRLUULJDWLRQ LV PRUH LPSRUWDQW IRU WKH
HQKDQFHPHQWRIELRJHRFKHPLFDOSURFHVVHV%UDHFNPDQHWDO0HUPLOORG%ORQGLQ
HW DO  7KHUHIRUH LW LV OLNHO\ WKDW ,3F PD\ DOVR LQFUHDVH WKH SUHGLFWDELOLW\ RI







UHZRUNLQJ WUDLWVRI WKH%3F7KHERG\YROXPHDSSUR[LPDWHG WKURXJKZHWERG\PDVV
SOD\HG D VLJQLILFDQW UROH IRU IORZV RI QLWUDWH QLWULWH DPPRQLXP DQG VLOLFDWH EHFDXVH
IOX[HV RI WKHVH QXWULHQWV GHSHQG RQ WKH R[\JHQL]HG VHGLPHQW YROXPH LH QLWUDWH DQG
QLWULWH/DYHURFNHWDORUVHGLPHQWYROXPHWKDWLVIOXVKHGE\LUULJDWLYHDFWLYLW\
LH DPPRQLXP DQG VLOLFDWH $OOHU  0DULQHOOL  $OWKRXJK LW ZDV





VHGLPHQW ZDWHU LQWHUIDFH LW VKRXOG QRW EH UHJDUGHG DV VXIILFLHQW 7KH GLIIHUHQW
HQYLURQPHQWDOFRQGLWLRQVLHFRPPXQLW\FRPSRVLWLRQWHPSHUDWXUHVHGLPHQWW\SHDQG
QXWULHQWJUDGLHQWVDFURVV WKHVHGLPHQWZDWHU LQWHU IDFHRI WKHPXOWLYDULDWHH[SHULPHQW
LQIOXHQFHG KRZ PDFURIDXQDO DFWLYLW\ DIIHFWHG QXWULHQW IOX[ IRU DOO QXWULHQWV EXW
SKRVSKDWH
5.1 Future challenges 
0DQ\SDUDPHWHUVVXFKDVWRWDORUJDQLFPDWWHUFRQWHQWWHPSHUDWXUHSHUPHDELOLW\RIWKH
VHGLPHQW DQG LQWHQVLW\ RI EDFWHULD PHGLDWHG SURFHVVHV PD\ GHWHUPLQH KRZ
ELRJHRFKHPLFDO SURFHVVHV LQ WKH VHGLPHQW DUH DIIHFWHG E\ PDFURIDXQDO ELRLUULJDWLRQ




LPSOLHV WKDW WKH H[SUHVVLRQ RI SDUWLFXODU WUDLWV YDULHV ZLWKLQ LQGLYLGXDOV RU DPRQJ
SRSXODWLRQVRIWKHVDPHVSHFLHVGXHWRELRWLFDELRWLFDQGDQWKURSRJHQLFGULYHUVHJD
VSHFLHVPD\ FKDQJH IURP GHSRVLW IHHGLQJ WR ILOWHU IHHGLQJ DW FHUWDLQ IORZ YHORFLWLHV
%ROQLFN HW DO  .QRZQ GULYHUV WKDW DIIHFW ELRWXUEDWLRQ UHODWHG WUDLWV DQG
FRQVHTXHQWO\ ELRWXUEDWLRQ DFWLYLWLHV LQFOXGH WKH WHPSHUDWXUH IORZ YHORFLWLHV
XQGHUZDWHU VRXQG IRRG DYDLODELOLW\ DQG HYHQ ORFDO KHUHGLWDU\ SRSXODWLRQ GLIIHUHQFHV
%DUDQRY HW DO  /RR HW DO  0XUUD\ HW DO  6RODQ HW DO 
:RKOJHPXWKHWDO
7KHSURSRVHGWHPSHUDWXUHWHUP,F7ZKLFKDSSUR[LPDWHVWKHYDULDWLRQLQELRLUULJDWLRQ
DFWLYLW\ IURP4YDOXHV UHSUHVHQWV D ILUVW VWHS IRU WKHDVVHVVPHQWRI WUDLWYDULDWLRQ ,I
VXFFHVVIXOO\ YDOLGDWHG LW PD\ SURYLGH D WRRO WR LGHQWLI\ VSDWLRWHPSRUDO YDULDWLRQV LQ
PDFURIDXQDO ELRLUULJDWLRQ DFWLYLW\ $ IX]]\ FRGLQJ DSSURDFK FRXOG EH D IXUWKHU
DSSUR[LPDWLRQ WR DFFRXQW IRU WUDLW YDULDWLRQ FDXVHG E\ IDFWRUV EHVLGHV WHPSHUDWXUH
)X]]\FRGLQJHPSOR\VQXPHULFDOVFRUHVWRGHVFULEHWKHDIILQLWLHVRIDVSHFLHVWRFHUWDLQ
WUDLWFDWHJRULHVGHSRVLWIHHGLQJLVIRUH[DPSOHDWUDLWFDWHJRU\RIWKHWUDLWIHHGLQJW\SH
&KHYHQHW HW DO &RQVHTXHQWO\ D VSHFLHVZKLFK LV NQRZQ IRU WUDLW YDULDWLRQV
FRXOGEHDVVLJQHGWRVHYHUDOWUDLWFDWHJRULHVDWWKHVDPHWLPHDFFRUGLQJWRWKHOLNHOLKRRG
RIWKHLUH[SUHVVLRQ




$ PRUH SURPLVLQJ UHVROXWLRQ FRXOG EH G\QDPLFDO IX]]\ FRGLQJ OLQNLQJ WR WKH




FXUUHQW VFDUFLW\ RI DYDLODEOH NQRZOHGJH DERXW VSHFLHV WUDLW YDULDWLRQ WKDW LV FXUUHQWO\
DYDLODEOH$OWKRXJK WKHUHFRXOGEHHQRXJK LQIRUPDWLRQIRUVRPHYHU\FRPPRQDQGRU
GRPLQDQW VSHFLHV WKHUH LV OLWWOH WR QR DXWHFRORJLFDO LQIRUPDWLRQ IRU WKH PDMRULW\ RI
VSHFLHV
&XUUHQW DWWHPSWV DLP WR GHWHUPLQHPLVVLQJ WUDLWV DQG WKHLU YDULDELOLW\ VWDWLVWLFDOO\ IRU
H[DPSOHE\XVLQJWKH%D\HVLDQH[WHQVLRQRISUREDELOLVWLFPDWUL[IDFWRUL]DWLRQ6FKURGW
HW DO  7KHVH DSSURDFKHV XWLOL]H WKH WKH SK\ORJHQHWLF WUDLW VLJQDO LH WKH
DVVXPSWLRQ WKDW WZR FORVHO\ UHODWHG VSHFLHV DUHPRUH VLPLODU LQ WKHLU WUDLWV WUDLWWUDLW
FRUUHODWLRQV DQG HQYLURQPHQWDO FRQVWUDLQWV WR ILOO NQRZOHGJH JDSV :KHWKHU VXFK
DSSURDFKHV PD\ VLJQLILFDQWO\ LQFUHDVH WKH UHVROXWLRQ DQG DSSOLFDELOLW\ RI WUDLWEDVHG
LQGLFHVVXFKDV,3FLVWRGDWHXQNQRZQ





$OOHU5& 4XDQWLI\LQJ VROXWH GLVWULEXWLRQV LQ WKH ELRWXUEDWHG ]RQH RIPDULQH
VHGLPHQWVE\GHILQLQJDQDYHUDJHPLFURHQYLURQPHQW*HRFKLP&RVPRFKLP$FWD

$OOHU 5&  7KH HIIHFWV RI PDFUREHQWKRV RQ FKHPLFDO SURSHUWLHV RI PDULQH





$OOHU 5&  %LRWXUEDWLRQ DQG UHPLQHUDOL]DWLRQ RI VHGLPHQWDU\ RUJDQLFPDWWHU
HIIHFWVRIUHGR[RVFLOODWLRQ&KHP*HRO
%DUDQRY 9 /HZDQGRZVNL - .UDXVH 6  %LRWXUEDWLRQ HQKDQFHV WKH DHURELF
UHVSLUDWLRQRIODNHVHGLPHQWVLQZDUPLQJODNHV%LRO/HWWHUV
%HUWLFV 9- 6RKP -$ 7UHXGH 7 &KRZ &(7 &DSRQH '* )XKUPDQ -$
=LHELV :  %XUURZLQJ GHHSHU LQWR EHQWKLF QLWURJHQ F\FOLQJ WKH LPSDFW RI
ELRWXUEDWLRQ RQ QLWURJHQ IL[DWLRQ FRXSOHG WR VXOIDWH UHGXFWLRQ 0DU (FRO 3URJ 6HU

%LUFKHQRXJK 615 3DUNHU 5( 0F0DQXV ( %DUU\ -  &RPELQLQJ
ELRWXUEDWLRQ DQG UHGR[ PHWULFV SRWHQWLDO WRROV IRU DVVHVVLQJ VHDEHG IXQFWLRQ (FRO
,QGLF












&KULVWHQVHQ % 9HGHO $ .ULVWHQVHQ (  &DUERQ DQG QLWURJHQ IOX[HV LQ
VHGLPHQW LQKDELWHG E\ VXVSHQVLRQIHHGLQJ 1HUHLV GLYHUVLFRORU DQG QRQVXVSHQVLRQ
IHHGLQJ1YLUHQVSRO\FKDHWHV0DU(FRO3URJ6HU
&RDWHV'$'HVFKXWWHU<9LQF[09DQDYHUEHNH-(QULFKPHQWDQGVKLIWV




GH %HOOR ) /DYRUHO 6 'tD] 6 +DUULQJWRQ 5 &RUQHOLVVHQ -+ %DUGJHWW 5'
%HUJ 03 &LSULRWWL 3 )HOG &. +HULQJ '  7RZDUGV DQ DVVHVVPHQW RI
PXOWLSOHHFRV\VWHPSURFHVVHVDQGVHUYLFHVYLDIXQFWLRQDOWUDLWV%LRGLYHUV&RQVHUY






*LOEHUW ) %RQLQ 3 6WRUD *  (IIHFW RI ELRWXUEDWLRQ RQ GHQLWULILFDWLRQ LQ D
PDULQHVHGLPHQWIURPWKH:HVW0HGLWHUUDQHDQOLWWRUDO+\GURELRORJLD





0HGLDWLRQRIPDFURQXWULHQWV DQGFDUERQE\SRVWGLVWXUEDQFH VKHOI VHD VHGLPHQW
FRPPXQLWLHV%LRJHRFKHPLVWU\
-RQHV &* /DZWRQ -+ 6KDFKDN 0  2UJDQLVPV DV HFRV\VWHP HQJLQHHUV
(FRV\VWHPPDQDJHPHQW6SULQJHUSS




-¡UJHQVHQ%%3URFHVVHVDW WKH VHGLPHQWZDWHU LQWHUIDFH LQ%ROLQ%&RRN
5% (GV7KH0DMRU%LRJHRFKHPLFDO&\FOHVDQG7KHLU ,QWHUDFWLRQV -RKQ:LOH\	
6RQV/WGSS
.RR %- .ZRQ .. +\XQ -+  (IIHFW RI HQYLURQPHQWDO FRQGLWLRQV RQ
YDULDWLRQLQWKHVHGLPHQWZDWHULQWHUIDFHFUHDWHGE\FRPSOH[PDFURIDXQDOEXUURZVRQD
WLGDOIODW-6HD5HV
.UDQW]EHUJ *  7KH LQIOXHQFH RI ELRWXUEDWLRQ RQ SK\VLFDO FKHPLFDO DQG
ELRORJLFDOSDUDPHWHUVLQDTXDWLFHQYLURQPHQWVDUHYLHZ(QYLURQ3ROOXW$
.ULVWHQVHQ (  ,PSDFW RI SRO\FKDHWHV 1HUHLV VSS DQG $UHQLFROD PDULQD RQ
FDUERQELRJHRFKHPLVWU\LQFRDVWDOPDULQHVHGLPHQWV*HRFKHP7UDQV





/RKUHU $0 7KUXVK 6) *LEEV 00  %LRWXUEDWRUV HQKDQFH HFRV\VWHP
IXQFWLRQWKURXJKFRPSOH[ELRJHRFKHPLFDOLQWHUDFWLRQV1DWXUH
/RR/2-RQVVRQ356NROG0.DUOVVRQg3DVVLYHVXVSHQVLRQIHHGLQJLQ
$PSKLXUD ILOLIRUPLV (FKLQRGHUPDWD 2SKLXURLGHD IHHGLQJ EHKDYLRXU LQ IOXPH IORZ
DQGSRWHQWLDOIHHGLQJUDWHRIILHOGSRSXODWLRQV0DU(FRO3URJ6HULHV
0DLUH2/HFURDUW30H\VPDQ)5RVHQEHUJ5'XFKHQH-&*UHPDUH$
4XDQWLILFDWLRQ RI VHGLPHQW UHZRUNLQJ UDWHV LQ ELRWXUEDWLRQ UHVHDUFK D UHYLHZ$TXDW
%LRO
0DULQHOOL 5/  (IIHFWV RI SRO\FKDHWHV RQ VLOLFDWH G\QDPLFV DQG IOX[HV LQ
VHGLPHQWV LPSRUWDQFH RI VSHFLHV DQLPDO DFWLYLW\ DQG SRO\FKDHWH HIIHFWV RQ EHQWKLF
GLDWRPV-0DU5HV
0HUPLOORG%ORQGLQ ) 5RVHQEHUJ 5  (FRV\VWHP HQJLQHHULQJ WKH LPSDFW RI
ELRWXUEDWLRQ RQ ELRJHRFKHPLFDO SURFHVVHV LQ PDULQH DQG IUHVKZDWHU EHQWKLF KDELWDWV
$TXDW6FL




0HUPLOORG%ORQGLQ ) 5RVHQEHUJ 5 )UDQoRLV&DUFDLOOHW ) 1RUOLQJ.0DXODLUH
/  ,QIOXHQFH RI ELRWXUEDWLRQ E\ WKUHH EHQWKLF LQIDXQDO VSHFLHV RQ PLFURELDO
FRPPXQLWLHV DQGELRJHRFKHPLFDOSURFHVVHV LQPDULQH VHGLPHQW$TXDW0LFURE(FRO

0H\VPDQ )- 0LGGHOEXUJ -- +HLS &+ D %LRWXUEDWLRQ D IUHVK ORRN DW
'DUZLQ
VODVWLGHD7UHQGV(FRO(YRO
0H\VPDQ )-5 *DODNWLRQRY (6 *ULEVKROW % 0LGGHOEXUJ -- E
%LRLUULJDWLRQLQSHUPHDEOHVHGLPHQWVDGYHFWLYHSRUHZDWHUWUDQVSRUWLQGXFHGE\EXUURZ
YHQWLODWLRQ/LPQRO2FHDQRJU
0H\VPDQ )-5 *DODNWLRQRY 26 *ULEVKROW % 0LGGHOEXUJ -- F %LR
LUULJDWLRQLQSHUPHDEOHVHGLPHQWVDQDVVHVVPHQWRIPRGHOFRPSOH[LW\-0DU5HV















5DPLUH] $ 5HLVV + 6RODQ 0 6RPHUILHOG 3- 9DQ &ROHQ & 9DQ +RH\ *
:LGGLFRPEH 6  $ ELRWXUEDWLRQ FODVVLILFDWLRQ RI (XURSHDQ PDULQH LQIDXQDO
LQYHUWHEUDWHV(FRO(YRO










IUHTXHQF\RI WKH VHDEHGDQG WKH LPSDFWRQEHQWKLFRUJDQLVPV ,&(6-0DU6FL





%|QLVFK*'tD] 6'LFNLH - %+30)±D KLHUDUFKLFDO%D\HVLDQ DSSURDFK WR
JDSဨILOOLQJDQG WUDLWSUHGLFWLRQ IRUPDFURHFRORJ\DQG IXQFWLRQDOELRJHRJUDSK\*OREDO
(FRO%LRJHRJU
6RODQ 0 &DUGLQDOH %- 'RZQLQJ $/ (QJHOKDUGW .$0 5XHVLQN -/
6ULYDVWDYD '6 D ([WLQFWLRQ DQG HFRV\VWHP IXQFWLRQ LQ WKH PDULQH EHQWKRV
6FLHQFH
6RODQ0 +DXWRQ & *RGEROG -$:RRG &/ /HLJKWRQ 7*:KLWH 3 
$QWKURSRJHQLF VRXUFHV RI XQGHUZDWHU VRXQG FDQ PRGLI\ KRZ VHGLPHQWGZHOOLQJ
LQYHUWHEUDWHVPHGLDWHHFRV\VWHPSURSHUWLHV6FL5HS
6RODQ 0 :LJKDP %' +XGVRQ ,5 .HQQHG\ 5 &RXORQ &+ 1RUOLQJ .
1LOVVRQ+&5RVHQEHUJ5E,QVLWXTXDQWLILFDWLRQRIELRWXUEDWLRQXVLQJWLPH









:HVW*%%URZQ-+7KHRULJLQRIDOORPHWULFVFDOLQJ ODZV LQELRORJ\ IURP
JHQRPHV WR HFRV\VWHPV WRZDUGVDTXDQWLWDWLYHXQLI\LQJ WKHRU\RIELRORJLFDO VWUXFWXUH
DQGRUJDQL]DWLRQ-([S%LRO
:LONLQVRQ075LFKDUGV3-+XPSKUH\V*6%UHDNLQJJURXQGSHGRORJLFDO
JHRORJLFDO DQG HFRORJLFDO LPSOLFDWLRQV RI VRLO ELRWXUEDWLRQ (DUWK 6FL 5HY  

:RKOJHPXWK'6RODQ0*RGEROG -$ 6SHFLHVFRQWULEXWLRQV WRHFRV\VWHP
SURFHVV DQG IXQFWLRQ FDQEHSRSXODWLRQGHSHQGHQW DQGPRGLILHGE\ELRWLF DQGDELRWLF
VHWWLQJ3URF56RF6HU%%LR
=KDQJ::LUW].0XWXDOGHSHQGHQFHEHWZHHQ VHGLPHQWDU\RUJDQLFFDUERQ
DQG LQIDXQDO PDFUREHQWKRV UHVROYHG E\ PHFKDQLVWLF PRGHOLQJ - *HRSK\V 5HV
%LRJHR







KDYH EHHQ SRVVLEOH , DP PRVW JUDWHIXO WR DOO P\ FROOHDJXHV DQG IULHQGV ZKR KDYH
DGYLVHGVXSSRUWHGDQGDFFRPSDQLHGPHGXULQJWKHODVW\HDUV
,OLNHWRHVSHFLDOO\WKDQNP\VXSHUYLVRU3URI'U7KRPDV%UH\<RXQRWRQO\JDYHPH
WKH RSSRUWXQLW\ WR FRQGXFWP\ WKHVLV LQ WKH IXQFWLRQDO HFRORJ\ZRUNLQJ JURXS DW WKH
$OIUHG:HJHQHU,QVWLWXWHEXW\RXDOZD\VWUXVWHGLQP\DELOLWLHVJDYHPHWKHIUHHGRPWR












PH LQ WRXFKZLWKELRWXUEDWLRQUHVHDUFKZKLOH ,ZDVZULWLQJP\PDVWHU WKHVLVEXW\RX
DOVRVXSSRUWHGPHWKURXJKRXWWKLVSURMHFWZLWK\RXUH[WUDRUGLQDU\DELOLW\WRDOZD\VDVN
WKHULJKWTXHVWLRQVDQGWRQDLOGRZQDSUREOHPLQRQO\RQHVHQWHQFH














)XUWKHU P\ JUDWLWXGH JRHV WR WKH VLOHQW KHOSHUV IURP WKH VFLHQWLILF ZRUNVKRSV DW
%UHPHUKDYHQDQG6\OW(KULFK'XQNHU0DWWLDV/LSSPDQQDQG$QGUHDV.RUQPDQQ
ZKREXLOWDOOP\HTXLSPHQW






*HUULW%)ODYLD7KHUHVD-DQLQD DQG0DULHNH IRU EHLQJP\ IULHQGV DQG FRQVWDQW


































Lanice conchilegaFRPPXQLW\ VDQG YDULDEOH   
Lanice conchilegaKLJKELRPDVV VDQG    
Lanice conchilegaORZELRPDVV VDQG    
Cerastoderma eduleKLJKELRPPDV VDQG    
Cerastoderma eduleORZELRPPDV VDQG    
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Abludomelita obtusata    
Abra alba    
Abra nitida    
Acrocnida brachiata    
Actinaria sp.   
Ampelisca brevicornis    
Ampharete sp.   
Ampharete lindstroemii   
Aphelochaeta sp.   
Amphictene auricoma    
Amphiura filiformis    
Anthozoa spp.    
Aonides paucibranchiata    
Aora gracilis    
Aphrodita aculeata    
Arctica islandica    
Arenicola marina   
Ascidiella aspersa    
Asterias rubens    
Astropecten irregularis    
Balanus crenatus   
Bathyporeia    
Branchiostoma lanceolatum    
Callianassa subterranea    
Capitella capitata   
Carcinus maenas   
Cerastoderma edule   
Chaetopterus variopedatus    
Chaetozone    
Chamelea gallina    
Corbula gibba    
Corystes cassivelaunus    
Cylichna cylindracea    
Diastylis bradyi    
Dosinia exoleta    
Dosinia lupinus    
Echinocardium cordatum    
Echinocyamus pusillus    
    












Echiurus echiurus    
Edwardsia    
Ensis directus    
Ensis ensis    
Ensis magnus    
Ensis siliqua    
Eteone longa    
Eumida    
Euspira nitida    
Exogone naidina   
Galathowenia oculata    
Gattyana cirrhosa    
Glycera lapidum    
Glycinde nordmanni    
Goniada maculata    
Harpinia antennaria    
Hyala vitrea    
Iphinoe trispinosa    
Kurtiella bidentata    
Lagis koreni    
Lanice conchilega    
Leptopentacta elongata    
Lutraria lutraria    
Macoma balthica   
Mactra stultorum    
Magelona    
Malacoceros fulginosus   
Malmgreniella    
Microphtalmus sczellcowii   
Mya    
Mytilus edulis   
Nemertea    
Nephtys assimilis    
Nephtys caeca    
Nephtys cirrosa    
Nephtys hombergii    
Notomastus latericeus    
Nucula nitidosa    
Ophelia limacina    
Ophiura albida    
Ophiura ophiura   
Owenia fusiformis    
    










Paramphinome jeffreysii    
Pariambus typicus    
Phaxas pellucidus    
Pholoe baltica    
Phoronida    
Phyllodoce rosea    
Phyllodoce maculata    
Pisione remota    
Podarkeopsis helgolandica   
Poecilochaetus serpens    
Polydora cilliata   
Polygordius    
Processa    
Protodorvillea kefersteini    
Scalibregma inflatum    
Scolelepis bonnieri    
Scoloplos (Scoloplos) armiger    
Semibalanus balanoides   
Spatangus purpureus    
Spio    
Spiophanes bombyx    
Spisula solida    
Sthenelais limicola    
Tellimya ferruginosa    
Tellina fabula    
Thracia phaseolina    
Thyasira flexuosa    
Tryphosa nana    
Turritella communis    
Upogebia deltaura    















$OH[DQGHU555 -6WDQWRQ-UDQG-5'RGG ,QIOXHQFHRI VHGLPHQWJUDLQ
VL]HRQWKHEXUURZLQJRIELYDOYHVFRUUHODWLRQZLWKGLVWULEXWLRQDQGVWUDWLJUDSKLF
SHUVLVWHQFHRIVHOHFWHGQHRJHQHFODPV3DODLRV
$OOHQ 3  )HHGLQJ EHKDYLRXU RIAsterias rubens / RQ VRIW ERWWRPELYDOYHV D
VWXG\ LQ VHOHFWLYH SUHGDWLRQ -RXUQDO RI ([SHULPHQWDO 0DULQH %LRORJ\ DQG
(FRORJ\





%DOO % * )R[ DQG % 0XQGD\  /RQJDQG VKRUWWHUP FRQVHTXHQFHV RI D





%HXNHPD - *URZWK DQG G\QDPLFV LQ SRSXODWLRQV RIEchinocardium cordatum
OLYLQJ LQ WKH1RUWK 6HD RII WKH'XWFK QRUWK FRDVW1HWKHUODQGV -RXUQDO RI 6HD
5HVHDUFK
%RRV . / *XWRZ 5 0XQGU\ DQG +' )UDQNH  6HGLPHQW SUHIHUHQFH DQG
EXUURZLQJEHKDYLRXU LQ WKHV\PSDWULFEULWWOHVWDUV Ophiura albida)RUEHV
DQGOphiura ophiura/LQQDHXV2SKLXURLGHD(FKLQRGHUPDWD-RXUQDORI
([SHULPHQWDO0DULQH%LRORJ\DQG(FRORJ\
%RUVMH % : 0 % GH 9ULHV 7 - %RXPD * %HVLR 6 +XOVFKHU DQG 3 0 -
+HUPDQ D 0RGHOLQJ ELRJHRPRUSKRORJLFDO LQIOXHQFHV IRU RIIVKRUH
VDQGZDYHV&RQWLQHQWDO6KHOI5HVHDUFK
%RUVMH % : 6 +XOVFKHU 3 0 - +HUPDQ DQG 0 % GH 9ULHV E 2Q WKH
SDUDPHWHUL]DWLRQ RI ELRORJLFDO LQIOXHQFHV RQ RIIVKRUH VDQG ZDYH G\QDPLFV
2FHDQ'\QDPLFV




brachiata 0RQWDJX(FKLQRGHUPDWD 2SKLXURLGHD LQ 'RXDUQHQH]
%D\%ULWWDQ\ )UDQFH DQ HFRORJLFDO VLJQLILFDQFH -RXUQDO RI ([SHULPHQWDO
0DULQH%LRORJ\DQG(FRORJ\
%UDHFNPDQ 8 3 3URYRRVW % *ULEVKROW ' 9DQ *DQVEHNH - - 0LGGHOEXUJ .
6RHWDHUW09LQF[ DQG -9DQDYHUEHNH5ROHRIPDFURIDXQD IXQFWLRQDO
WUDLWV DQG GHQVLW\ LQ ELRJHRFKHPLFDO IOX[HV DQG ELRWXUEDWLRQ0DULQH (FRORJ\
3URJUHVV6HULHV
%UH\ 7  7KH UHODWLYH VLJQLILFDQFH RI ELRORJLFDO DQG SK\VLFDO GLVWXUEDQFH DQ
H[DPSOH IURP LQWHUWLGDO DQG VXEWLGDO VDQG\ ERWWRP FRPPXQLWLHV (VWXDULQH
&RDVWDODQG6KHOI6FLHQFH
%XFKDQDQ - %  $ FRPSDUDWLYH VWXG\ RI VRPH IHDWXUHV RI WKH ELRORJ\ RI





%XKU . DQG -:LQWHU  'LVWULEXWLRQ DQGPDLQWHQDQFH RI DLanice conchilega 













&UHXW]EHUJ ) 3:DSHQDDU*'XLQHYHOG DQG1//RSH] 'LVWULEXWLRQ DQG
GHQVLW\ RI WKH EHQWKLF IDXQD LQ WKH VRXWKHUQ 1RUWK 6HD LQ UHODWLRQ WR ERWWRP
FKDUDFWHULVWLFV DQG K\GURJUDSKLF FRQGLWLRQV 5DSSRUWV HW SURFqVYHUEDX[ GHV













'DQGR 3 $ 6RXWKZDUG DQG ( 6RXWKZDUG  5DWHV RI VHGLPHQW VXOSKLGH
R[LGDWLRQ E\ WKH ELYDOYH PROOXVF Thyasira sarsi 0DULQH (FRORJ\ 3URJUHVV
6HULHV
'DXHU'0&$0D\EXU\DQG50(ZLQJ)HHGLQJEHKDYLRUDQGJHQHUDO







'H5LGGHU&0 -DQJRX[ DQG/'H9RV )URQWDO DPEXODFUDO DQGSHULEXFFDO




'UHZ*$7KHKDELWVDQGPRYHPHQWVRI WKH UD]RUVKHOOFODPEnsis directus
&RQ7KH%LRORJLFDO%XOOHWLQ
(OOLV - , DQG' & 6FKQHLGHU  (YDOXDWLRQ RI D JUDGLHQW VDPSOLQJ GHVLJQ IRU
HQYLURQPHQWDO LPSDFW DVVHVVPHQW (QYLURQPHQWDO 0RQLWRULQJ DQG $VVHVVPHQW

(PLJ & &  %ULWLVK DQG RWKHU SKRURQLGV 7KH /LQQHDQ 6RFLHW\ RI /RQGRQ
/RQGRQ
)DUNH+  3RSXODWLRQ G\QDPLFV UHSURGXFWLRQ DQG HDUO\ GHYHORSPHQW RITharyx 
marioni 3RO\FKDHWD &LUUDWXOLGDH RQ WLGDO IODWV RI WKH *HUPDQ %LJKW
9HU|IIHQWOLFKXQJHQGHV,QVWLWXWVIU0HHUHVIRUVFKXQJLQ%UHPHUKDYHQ











)RUVWHU6DQG**UDI ,PSDFWRI LUULJDWLRQRQR[\JHQ IOX[ LQWR WKHVHGLPHQW
LQWHUPLWWHQW SXPSLQJ E\ Callianassa subterranea DQG ³SLVWRQSXPSLQJ´ E\
Lanice conchilega0DULQH%LRORJ\
)RUVWHU 6 DQG 0 =HWWOHU  7KH FDSDFLW\ RI WKH ILOWHUIHHGLQJ ELYDOYH Mya 




*DJH -  2EVHUYDWLRQV RQ WKH ELYDOYHV Montacuta substriata DQG M. 
ferruginosaµFRPPHQVDOV¶ ZLWK VSDWDQJRLGV -RXUQDO RI WKH 0DULQH %LRORJLFDO
$VVRFLDWLRQRIWKH8QLWHG.LQJGRP





IDXQDO ELRYROXPH -RXUQDO RI ([SHULPHQWDO 0DULQH %LRORJ\ DQG (FRORJ\

*LOEHUW0$ *URZWK UDWH ORQJHYLW\ DQGPD[LPXP VL]H RI Macoma balthica 
/7KH%LRORJLFDO%XOOHWLQ
*LOODQ ' & - 5LEHVVH DQG & 'H 5LGGHU  7KH LURQHQFUXVWHG PLFURELDO
FRPPXQLW\ RI Urothoe poseidonis &UXVWDFHD $PSKLSRGD -RXUQDO RI 6HD
5HVHDUFK
+DJPHLHU $ + -  %HPHUNXQJHQ EHU GLH gNRORJLH YRQ Branchiostoma 
lanceolatum 3DOODV XQG GDV 6HGLPHQW VHLQHV :RKQRUWHV 6HQFNHQEHUJLD





+DLQHV - DQG ' 0DXUHU  4XDQWLWDWLYH IDXQDO DVVRFLDWHV RI WKH VHUSXOLG
SRO\FKDHWHHydroides dianthus0DULQH%LRORJ\
+DQVHQ /  7KH LQWHUWLGDO PDFURIDXQD DQG PDFURDOJDH DW ILYH $UFWLF ORFDOLWLHV
'LVNR :HVW *UHHQODQG $OIUHG :HJHQHU ,QVWLWXWH IRU 3RODU DQG 0DULQH
5HVHDUFK%UHPHUKDYHQ
+DUWPDQQ6FKU|GHU* )'DKO DQG+ 6FKXPDQQ $QQHOLGD%RUVWHQZUPHU
3RO\FKDHWD*XVWDY)LVFKHU-HQD




+ROOHUW] . 0 6N|OG DQG 5 5RVHQEHUJ  ,QWHUDFWLRQV EHWZHHQ WZR GHSRVLW






+RUWRQ 7 $.URK 1 %DLOO\ 1 %RXU\(VQDXOW 6 1 %UDQGmR0 - &RVWHOOR 6
*RIDV)+HUQDQGH]-0HHV*3DXOD\*3RRUH*5RVHQEHUJ66W|KU:
'HFRFN 6'HNH\]HU /9DQGHSLWWH%9DQKRRUQH.9HUIDLOOH 69UDQNHQ
0 - $GDPV 5 $GODUG 3 $GULDHQV 6 $JDWKD . - $KQ 6 $K\RQJ 1
$NNDUL%$OYDUH]*$QGHUVRQ0$QJHO&$UDQJR7$UWRLV6$WNLQVRQ
5%DQN$%DUEHU -3%DUERVD ,%DUWVFK'%HOODQ6DQWLQL -%HUQRW$
%HUWD5%LHOHU6%ODQFR,%ODVFR&RVWD0%áDĪHZLF]3%RFN5%|WWJHU
6FKQDFN 3 %RXFKHW & % %R\NR 5 %UD\ 1 / %UXFH 6 &DLUQV 7 1
&DPSLQDV%H]HUUD3&iUGHQDV(&DUVWHQV%.&KDQ7<&KDQ/&KHQJ
0&KXUFKLOO&2&ROHPDQ$*&ROOLQV5&RUGHLUR$&RUQLOV0&RVWH
. $ &UDQGDOO 7 &ULEE 6 &XWPRUH ) 'DKGRXK*XHEDV 0 'DO\ 0
'DQHOL\D-&'DXYLQ3'DYLH6'H*UDYH9GH0D]DQFRXUW3'HFNHU'
'HID\H - / G
+RQGW + 'LMNVWUD0 'RKUPDQQ - 'RODQ ' 'RPQLQJ 5
'RZQH\ , 'UDSXQ / (FWRU 8 (LVHQGOH)O|FNQHU 0 (LWHO 6 & G
(QFDUQDomR + (QJKRII - (SOHU & (ZHUV6DXFHGR 0 )DEHU 6 )HLVW '
)LJXHURD-)LQQ&)LãHU*)RQVHFD()RUG\FH:)RVWHU-+)UDQN&
$ S S H Q G L [  0 D Q X V F U L S W  , , , 
 

)UDQVHQ + )XUX\D + *DOHD 2 *DUFLD$OYDUH] 5 *DULF 5 *DVFD 6
*DYLULD0HOR6*HUNHQ+*KHHUDUG\Q'*LEVRQ-*LO$*LWWHQEHUJHU&
*ODVE\$*ORYHU 6 (*yPH]1RJXHUD'*RQ]iOH]6ROtV '*RUGRQ0
*UDERZVNL & *UDYLOL - 0 *XHUUD*DUFtD 5 *XLGHWWL . *XLOLQL 0 '
*XLU\.$+DGILHOG(+DMGX-+DOOHUPDQQ%+D\ZDUG(+HQGU\FNV$
+HUUHUD%DFKLOOHU - V+R -+¡HJ2+RORYDFKRY -+RRSHU5+RXDUW/
+XJKHV:+XPPRQ0+\åQê / )0 ,QLHVWD 7 ,VHWR 6 ,YDQHQNR0
,ZDWDNL* -DUPV' -DXPH. -D]G]HZVNL ,.DUDQRYLF%.DUWKLFN<+
.LP5.LQJ30.LUN-3.RFLROHN-.ROE$.RWRY7.UDSS6FKLFNHO
$.UHPHQHWVNDLD5.ULVWHQVHQ0.XOLNRYVNL\6.XOODQGHU5/D3HUQD*
/DPEHUW ' /D]DUXV ) /H &R]H 6 /H&UR\ ' /HGXF ( - /HINRZLW] 5
/HPDLWUH < /LX $ 1 /|U] - /RZU\ 7 /XGZLJ 1 /XQGKROP (
0DFSKHUVRQ /0DGLQ &0DK 70DPRV 50DQFRQL*0DSVWRQH 3 (
0DUHN % 0DUVKDOO ' - 0DUVKDOO 3 0DUWLQ 6 0F,QQHV 7 0HLGOD .
0HODQG.0HUULQ50HVLERY&0HVVLQJ'0LOMXWLQ&0LOOV0RHVWUXS
9 0RNLHYVN\ 7 0RORGWVRYD ) 0RQQLRW 5 0RRL $ & 0RUDQGLQL 5
0RUHLUDGD5RFKD)0RUHW]VRKQ-0RUWHOPDQV-0RUWLPHU/0XVFR7$





5HXVFKHU -: 5H\QROGV ) 5LPHW 3 5LRV /RSH]0 5LXV . 5W]OHU $
5]KDYVN\.6DEEH-6DL]6DOLQDV66DOD66DQWRV(6DU$)6DUWRUL$
6DWRK + 6FKDW] % 6FKLHUZDWHU $ 6FKPLGW5KDHVD 6 6FKQHLGHU &
6FK|QEHUJ36FKXFKHUW$56HQQD&6HUHMR66KDPVL-6KDUPD:$
6KHDU1 6KHQNDU$6KLQQ0 6KRUW - 6LFLQVNL9 6LHJHO 3 6LHUZDOG(
6LPPRQV ) 6LQQLJHU ' 6LYHOO % 6NHW + 6PLW 1 6PLW 1 6PRO - )
6RX]D)LOKR - 6SHOGD 6 1 6WDPSDU : 6WHUUHU ( 6WLHQHQ 3 6WRHY 0
6WUDQG ( 6XiUH]0RUDOHV0 6XPPHUV & 6XWWOH % - 6ZDOOD 6 7DLWL0
7DQDND $ + 7DQGEHUJ ' 7DQJ 0 7DVNHU - 7D\ORU - 7D\ORU $








* :DONHU6PLWK 7 & :DOWHU / :DWOLQJ 0 :D\ODQG 7 :HVHQHU &
:HW]HO & :KLSSV . :KLWH ' :LOOLDPV * :LOOLDPV 5 :LOVRQ $
:LWNRZVNL -:LWNRZVNL1:\DWW&:\OH]LFK0<DVXKDUD -=DQRO DQG
: =HLGOHU  :RUOG 5HJLVWHU RI 0DULQH 6SHFLHV :R506 :R506
(GLWRULDO%RDUG
+RZH 5 / $ 3 5HHV DQG 6:LGGLFRPEH  7KH LPSDFW RI WZR VSHFLHV RI
ELRWXUEDWLQJ VKULPS Callianassa subterranea DQG Upogebia deltaura RQ
VHGLPHQW GHQLWULILFDWLRQ -RXUQDO RI WKH 0DULQH %LRORJLFDO $VVRFLDWLRQ RI WKH
8QLWHG.LQJGRP
+XPPHO+)RRGLQWDNHRIMacoma balthica0ROOXVFDLQUHODWLRQWRVHDVRQDO
FKDQJHV LQ LWV SRWHQWLDO IRRG RQ D WLGDO IODW LQ WKH 'XWFK :DGGHQ 6HD
1HWKHUODQGV-RXUQDORI6HD5HVHDUFK
,I$g DQG $:,  $XW|NRORJLVFKHU $WODV EHQWKLVFKHU ZLUEHOORVHU 7LHUH LQ GHU
'HXWVFKHQ 1RUG XQG 2VWVHH 9HUVLRQ  ,QVWLWXW IU $QJHZDQGWH gNRORJLH
XQG$OIUHG:HJHQHU,QVWLWXWIU3RODUXQG0HHUHVIRUVFKXQJ












-RQHV 1 6  7KH HFRORJ\ RI WKH $PSKLSRGD RI WKH VRXWK RI WKH ,VOH RI0DQ
-RXUQDO RI WKH0DULQH%LRORJLFDO$VVRFLDWLRQ RI WKH8QLWHG.LQJGRP

.DPHUPDQV 3 ( %UXPPHOKXLV DQG 0 'HGHUW  (IIHFW RI DOJDHDQG VLOW
FRQFHQWUDWLRQ RQ FOHDUDQFHDQG JURZWK UDWH RI WKH UD]RU FODPEnsis directus
&RQUDG-RXUQDORI([SHULPHQWDO0DULQH%LRORJ\DQG(FRORJ\
$ S S H Q G L [  0 D Q X V F U L S W  , , , 
 

.LNXFKL( (IIHFWV RI WKHEUDFNLVKGHSRVLWIHHGLQJSRO\FKDHWHVNotomastus VS
&DSLWHOOLGDH DQG Neanthes japonica ,]XND1HUHLGDH RQ VHGLPHQWDU\ 2
FRQVXPSWLRQDQG&2SURGXFWLRQUDWHV-RXUQDORI([SHULPHQWDO0DULQH%LRORJ\
DQG(FRORJ\
.LQQHU3 DQG'0DXUHU 3RO\FKDHWRXV DQQHOLGV RI WKH'HODZDUH%D\ UHJLRQ
)LVKHU\%XOOHWLQ
/DFNVFKHZLW]'DQG.5HLVH0DFURIDXQDRQIORRGGHOWDVKRDOVLQWKH:DGGHQ
6HD ZLWK DQ XQGHUJURXQG DVVRFLDWLRQ EHWZHHQ WKH OXJZRUPArenicola marina 
DQG WKH DPSKLSRG Urothoe poseidonis +HOJROlQGHU 0HHUHVXQWHUVXFKXQJHQ

/HH&*0+XHWWHO-6+RQJDQG.5HLVH&DUULRQIHHGLQJRQWKHVHGLPHQW
VXUIDFH DW QRFWXUQDO ORZ WLGHV E\ WKH SRO\FKDHWH Phyllodoce mucosa 0DULQH
%LRORJ\
/L - ' Ï )RLJKLO DQG 3 0LGGHOIDUW  7KH HYROXWLRQDU\ HFRORJ\ RI ELRWLF
DVVRFLDWLRQ LQ D PHJDGLYHUVH ELYDOYH VXSHUIDPLO\ VSRQVRUVKLS UHTXLUHG IRU
SHUPDQHQWUHVLGHQF\LQVHGLPHQW3ORV2QHH
/LQGTYLVW 6 . 1RUOLQJ DQG 6 +XOWK  %LRJHRFKHPLVWU\ LQ KLJKO\ UHGXFHG
PXVVHO IDUP VHGLPHQWV GXULQJ PDFURIDXQDO UHFRORQL]DWLRQ E\ Amphiura 
filiformisDQGNephtysVS0DULQH(QYLURQPHQWDO5HVHDUFK
/LQGURWK $  $WPXQJVYHQWLODWLRQ GHU 3RO\FKlWHQ -RXUQDO RI &RPSDUDWLYH
3K\VLRORJ\ $ 1HXURHWKRORJ\ 6HQVRU\ 1HXUDO DQG %HKDYLRUDO 3K\VLRORJ\

/RR/235-RQVVRQ06NROGDQGg.DUOVVRQ3DVVLYHVXVSHQVLRQIHHGLQJ
LQ Amphiura filiformis (FKLQRGHUPDWD 2SKLXURLGHD IHHGLQJ EHKDYLRXU LQ
IOXPH IORZ DQG SRWHQWLDO IHHGLQJ UDWH RI ILHOG SRSXODWLRQV 0DULQH (FRORJ\
3URJUHVV6HULHV
0DLUH2 -&'XFKHQH55RVHQEHUJ -% GH0HQGRQFD DQG$*UpPDUH 
(IIHFWVRIIRRGDYDLODELOLW\RQVHGLPHQWUHZRUNLQJLQAbra ovata DQGA. nitida
0DULQH(FRORJ\3URJUHVV6HULHV
0DNUD $ DQG % ) .HHJDQ  $UP UHJHQHUDWLRQ LQ Acrocnida brachiata
2SKLXURLGHDDW/LWWOH.LOODU\ZHVWFRDVWRI,UHODQG3DJHV in%LRORJ\
DQG(QYLURQPHQW3URFHHGLQJVRIWKH5R\DO,ULVK$FDGHP\-6725
0DU/,1%,27,&%LRORJLFDO WUDLWV LQIRUPDWLRQFDWDORJXHin0/ ,1HWZRUN
HGLWRU0DULQH%LRORJLFDO$VVRFLDWLRQRIWKH8QLWHG.LQJGRP3O\PRXWK




0DUWLQ : DQG * %DQWD  7KH PHDVXUHPHQW RI VHGLPHQW LUULJDWLRQ UDWHV D
FRPSDULVRQ RI WKH %Uí WUDFHU DQG 5Q5D GLVHTXLOLEULXP WHFKQLTXHV
-RXUQDORI0DULQH5HVHDUFK




0LFKDHOLV + DQG / 9HQQHPDQQ  7KH ³SLHFHE\SLHFH SUHGDWLRQ´ RI Eteone 
longa RQ Scolelepis squamata 3RO\FKDHWHV²WUDFHV RQ WKH VHGLPHQW
GRFXPHQWLQJFKDVHGHIHQFHDQGPXWLODWLRQ0DULQH%LRORJ\
0LOOHU'&0 -%RFN DQG( -7XUQHU 'HSRVLW DQG VXVSHQVLRQ IHHGLQJ LQ
RVFLOODWRU\IORZVDQGVHGLPHQWIOX[HV-RXUQDORI0DULQH5HVHDUFK
0RNVQHV327KHUHODWLYHLPSRUWDQFHRIKDELWDWVSHFLILFVHWWOHPHQWSUHGDWLRQ





+H[DFRUDOOLD -RXUQDO RI WKH 0DULQH %LRORJLFDO $VVRFLDWLRQ RI WKH 8QLWHG
.LQJGRP
0RUWHQVHQ 7  +DQGERRN RI WKH HFKLQRGHUPV RI WKH %ULWLVK LVOHV 2[IRUG
8QLYHUVLW\3UHVV/RQGRQ
0RUWLPHU . DQG $ 6 < 0DFNLH  0RUSKRORJ\ IHHGLQJ DQG EHKDYLRXU RI
%ULWLVKMagelona $QQHOLGD0DJHORQLGDH ZLWK GLVFXVVLRQV RQ WKH IRUP DQG





OLYLQJ IRUPV 3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI /RQGRQ %
%LRORJLFDO6FLHQFHV
1LFKROV ' E 7KH KLVWRORJ\ RI WKH WXEHIHHW DQG FODYXODH RI Echinocardium 
cordatum4XDUWHUO\-RXUQDORI0LFURVFRSLFDO6FLHQFH




RI IXQFWLRQDO ELRGLYHUVLW\ DQG VSHFLHVVSHFLILF WUDLWV RI EHQWKLF IDXQD IRU
HFRV\VWHP IXQFWLRQV LQ PDULQH VHGLPHQW 0DULQH (FRORJ\ 3URJUHVV 6HULHV

2
&RQQRU % 7 %RZPHU DQG $ *UHKDQ  /RQJWHUP DVVHVVPHQW RI WKH
SRSXODWLRQ G\QDPLFV RIAmphiura filiformis (FKLQRGHUPDWD 2SKLXURLGHD LQ
*DOZD\%D\ZHVWFRDVWRI,UHODQG0DULQH%LRORJ\
2
&RQQRU%7%RZPHU'0F*UDWK DQG55DLQH(QHUJ\ IORZ WKURXJKDQ
Amphiura filiformis 2SKLXURLGHD (FKLQRGHUPDWD SRSXODWLRQ LQ*DOZD\%D\
ZHVWFRDVWRI,UHODQGDSUHOLPLQDU\LQYHVWLJDWLRQ2SKHOLD
2FNHOPDQQ .: DQG .0XXV  7KH ELRORJ\ HFRORJ\ DQG EHKDYLRXU RI WKH
ELYDOYHMysella bidentata0RQWDJX2SKHOLD
2ODIVVRQ (  'HQVLW\ GHSHQGHQFH LQ VXVSHQVLRQIHHGLQJ DQG GHSRVLWIHHGLQJ
SRSXODWLRQVRIWKHELYDOYHMacoma balthicaDILHOGH[SHULPHQW7KH-RXUQDORI
$QLPDO(FRORJ\
2OGILHOG (  7KH IXQFWLRQDO PRUSKRORJ\ RI Kellia suborbicularis 0RQWDJX
Montacuta ferruginosa 0RQWDJX DQG M. substriata 0RQWDJX0ROOXVFD
/DPHOOLEUDQFKLDWD-RXUQDORI0ROOXVFDQ6WXGLHV
3RKOR 5  &RQIXVLRQ FRQFHUQLQJ GHSRVLW IHHGLQJ LQ WKH 7HOOLQDFHD -RXUQDO RI
0ROOXVFDQ6WXGLHV
4XHLUyV $0 6 1 5 %LUFKHQRXJK - %UHPQHU - $ *RGEROG 5 ( 3DUNHU $
5RPHUR5DPLUH]+5HLVV06RODQ3-6RPHUILHOG&9DQ&ROHQ*9DQ
+RH\ DQG 6 :LGGLFRPEH  $ ELRWXUEDWLRQ FODVVLILFDWLRQ RI (XURSHDQ
PDULQHLQIDXQDOLQYHUWHEUDWHV(FRORJ\DQGHYROXWLRQ
5DFKRU (  6WUXFWXUH G\QDPLFV DQG SURGXFWLYLW\ RI D SRSXODWLRQ RI Nucula 
nitidosa %LYDOYLD 3URWREUDQFKLDWD LQ WKH *HUPDQ %LJKW %HULFKWH GHU
'HXWVFKHQ:LVVHQVFKDIWOLFKHQ.RPPLVLRQIU0HHUHVIRUVFKXQJ
5DFKRU(DQG6%DUWHO2FFXUUHQFHDQGHFRORJLFDOVLJQLILFDQFHRI WKHVSRRQ















5LLVJnUG + 8 DQG , 6YDQH  )LOWHU IHHGLQJ LQ ODQFHOHWV DPSKLR[XV
Branchiostoma lanceolatum,QYHUWHEUDWH%LRORJ\
5RXVH*:DQG)3OHLMHO3RO\FKDHWHV2[IRUG8QLYHUVLW\3UHVV1HZ<RUN







6RODQ0 DQG 5 .HQQHG\  2EVHUYDWLRQ DQG TXDQWLILFDWLRQ RI LQ VLWX DQLPDO
VHGLPHQW UHODWLRQV XVLQJ WLPHODSVH VHGLPHQW SURILOH LPDJHU\ W63, 0DULQH
(FRORJ\3URJUHVV6HULHV
6ULNULVKQDGKDV % DQG . 5DPDPRRUWKL  6WXGLHV RQ WKH OLIHKLVWRU\ RI Spio 
filicornis 0OOHU  0DKDVDJDU%XOOHWLQ RI WKH 1DWLRQDO ,QVWLWXWH RI
2FHDQRJUDSK\
6WDPKXLV ( 7 5HHGH'HNNHU < 9DQ (WWHQ - 'H :LOMHV DQG - 9LGHOHU 
%HKDYLRXUDQGWLPHDOORFDWLRQRIWKHEXUURZLQJVKULPSCallianassa subterranea 





7D\ORU $ &  %XUURZLQJ EHKDYLRXU DQG DQDHURELRVLV LQ WKH ELYDOYH Arctica 
islandica / -RXUQDO RI WKH 0DULQH %LRORJLFDO $VVRFLDWLRQ RI WKH 8QLWHG
.LQJGRP
$ S S H Q G L [  0 D Q X V F U L S W  , , , 
 

7HEEOH 1  %ULWLVK ELYDOYH VHDVKHOOV D KDQGERRN IRU LGHQWLILFDWLRQ %ULWLVK
0XVHXP1DWXUDO+LVWRU\/RQGRQ
7HOIRUG 0 $ 6 +DUROG DQG 5 0RRL  )HHGLQJ VWUXFWXUHV EHKDYLRU DQG
PLFURKDELWDW RI Echinocyamus pusillus (FKLQRLGHD &O\SHDVWHURLGD 7KH
%LRORJLFDO%XOOHWLQ
7UHYDOOLRQ$6WXGLHVRQTellina tenuisGD&RVWD,,,$VSHFWVRIJHQHUDOELRORJ\
DQG HQHUJ\ IORZ -RXUQDO RI ([SHULPHQWDO0DULQH%LRORJ\ DQG (FRORJ\ 

7UHYRU-7KHEXUURZLQJRINereis diversicolor2)0OOHUWRJHWKHUZLWKVRPH
REVHUYDWLRQV RQ Arenicola marina /$QQHOLGD 3RO\FKDHWD -RXUQDO RI
([SHULPHQWDO0DULQH%LRORJ\DQG(FRORJ\
7XQEHUJ %  3RSXODWLRQ HFRORJ\ RI Dosinia exoleta /%LYDOYLD LQ
5DXQHIMRUGHQZHVWHUQ1RUZD\6DUVLD
7\OHU 3 DQG 6 6KDFNOH\  &RPSDUDWLYH HIILFLHQF\ RI WKH 'D\ DQG 6PLWK
0F,QW\UHJUDEV(VWXDULQHDQG&RDVWDO0DULQH6FLHQFH
9DGHU:  $ SUHOLPLQDU\ LQYHVWLJDWLRQ LQWR WKH UHDFWLRQV RI WKH LQIDXQD RI WKH




YDQ GHU /RHII00 / * $QGHUVRQ 3 2 +DOO c ,YHUIHOGW $ % -RVHIVRQ %
6XQGE\DQG6):HVWHUOXQG7KHDVSK\[LDWLRQ WHFKQLTXHDQDSSURDFK




GH 6RWR &DQ\RQ 3DJH  in 3K\VLFDO%LRORJLFDO 2FHDQRJUDSKLF ,QWHJUDWLRQ
:RUNVKRSIRUWKH
9RSHO . ' 7KLVWOH DQG 5 5RVHQEHUJ  (IIHFW RI WKH EULWWOH VWDU Amphiura 









LUULJDWLRQ RI WKH EXUURZ LQ WKH SRO\FKDHWHVChaetopterus variopedatus 5HQLHU
DQGNereis diversicolor2)0OOHU-RXUQDORIWKH0DULQH%LRORJLFDO$VVRFLDWLRQ
RIWKH8QLWHG.LQJGRP
:HVWKHLGH :  0RQRJUDSKLF GHU *DWWXQJHQ Hesionides )ULHGULFK XQG
Microphthalmus 0HF]QLNRZ 3RO\FKDHWD +HVLRQLGDH =HLWVFKULIW IU
0RUSKRORJLHGHU7LHUH
:LGGLFRPEH 60&$XVWHQ0$.HQGDOO )2OVJDUG07 6FKDDQQLQJ 6 /
'DVKILHOG DQG + 5 1HHGKDP  ,PSRUWDQFH RI ELRWXUEDWRUV IRU
ELRGLYHUVLW\ PDLQWHQDQFH LQGLUHFW HIIHFWV RI ILVKLQJ GLVWXUEDQFH 0DULQH
(FRORJ\3URJUHVV6HULHV
:LHNLQJ * DQG , .U|QFNH  0DFURIDXQD FRPPXQLWLHV RI WKH 'RJJHU %DQN
FHQWUDO1RUWK 6HD LQ WKH ODWH V VSDWLDO GLVWULEXWLRQ VSHFLHV FRPSRVLWLRQ
DQGWURSKLFVWUXFWXUH+HOJRODQG0DULQH5HVHDUFK
:LOVRQ -  *LOO DQG SDOS PRUSKRORJ\ RI Tellina tenuis DQG Tellina fabula LQ
UHODWLRQWRIHHGLQJ7KH%LYDOYLD
:LOVRQ - * DQG - 3 'DYLV  7KH HIIHFW RI HQYLURQPHQWDO YDULDEOHV RQ WKH
R[\JHQFRQVXPSWLRQRIWKHSURWREUDQFKELYDOYHNucula turgida /HFNHQE\DQG
0DUVKDOO-RXUQDORI0ROOXVFDQ6WXGLHV
:LQWHU$* 5 /'HLWV DQG$ (+RVRL  /RFDOL]HG IOXLGL]DWLRQ EXUURZLQJ










:RRGOH\ -  7KH EHKDYLRXU RI VRPH DPSKLXULG EULWWOHVWDUV -RXUQDO RI
([SHULPHQWDO0DULQH%LRORJ\DQG(FRORJ\
:RUG - 4  &ODVVLILFDWLRQ RI EHQWKLF LQYHUWHEUDWHV LQWR LQIDXQDO WURSKLF LQGH[
IHHGLQJJURXSV
$ S S H Q G L [  0 D Q X V F U L S W  , , , 
 

<RQJH&2Q WKHKDELWVDQGDGDSWDWLRQVRIAloidis Corbulagibba -RXUQDORI
WKH0DULQH%LRORJLFDO$VVRFLDWLRQRIWKH8QLWHG.LQJGRP
<RQJH & 0  &OHDQVLQJ PHFKDQLVPV DQG WKH IXQFWLRQ RI WKH IRXUWK SDOOLDO
DSHUWXUHLQSpisula subtruncataGD&RVWDDQGLutraria lutraria /-RXUQDORI
WKH0DULQH%LRORJLFDO$VVRFLDWLRQRIWKH8QLWHG.LQJGRP
=LHJHOPHLHU (  %HREDFKWXQJHQ EHU GHQ 5|KUHQEDX YRQ Lanice conchilega 




=LHJHOPHLHU (  1HXH 8QWHUVXFKXQJHQ EHU GLH :RKQU|KUHQ%DXZHLVH YRQ
Lanice conchilega 3RO\FKDHWD 6HGHQWDULD +HOJROlQGHU ZLVVHQVFKDIWOLFKH
0HHUHVXQWHUVXFKXQJHQ
=LPPHUPDQQ . (  1RWHV RQ WKH UHVSLUDWRU\ PHFKDQLVP RI Corystes 
cassivelaunus -RXUQDO RI WKH 0DULQH %LRORJLFDO $VVRFLDWLRQ RI WKH 8QLWHG
.LQJGRP










GLM formula: ¨>32@ ,3F$)'075($70(17
7DEOH'HYLDQFHUHVLGXDOVRI*/0IRUPXOD¨>32@ ,3F$)'075($70(17
0LQ 4 0HGLDQ 4 0D[
    

7DEOH&RHIILFLHQWVRI*/0IRUPXOD¨>32@ ,3F$)'075($70(17
 (VWLPDWH 6WG(UURU WYDOXH 3U!_W_
,QWHUFHSW    
,3F$)'0    
$FRPPXQLW\    
/FRPPXQLW\    H
1FRPPXQLW\    
/&VSULQJ    

















0LQ 4 0HGLDQ 4 0D[
    

7DEOH&RHIILFLHQWVRI*/0IRUPXOD¨>12@ ,3F:075($70(17,3F:075($70(17
 (VWLPDWH 6WG(UURU WYDOXH 3U!_W_
,QWHUFHSW H H  
,3F:0 H H  
$(VXPPHU H H  
$FRPPXQLW\ H H  
/FRPPXQLW\ H H  
1FRPPXQLW\ H H  
/&VSULQJ H H  
/VXPPHU H H  
12VSULQJ H H  
1VXPPHU H H  
,3F:0$(VXPPHU H H  
,3F:0$FRPPXQLW\ H H  
,3F:0/FRPPXQLW\ H H  H
,3F:01FRPPXQLW\ H H  
,3F:0/&VSULQJ H H  
,3F:0/VXPPHU H H  
,3F:012VSULQJ H H  





Number of Fisher Scoring iterations:









0LQ 4 0HGLDQ 4 0D[
    

7DEOH&RHIILFLHQWVRI*/0IRUPXOD¨>12@ ,3F:075($70(17,3F:075($70(17
 (VWLPDWH 6WG(UURU WYDOXH 3U!_W_
,QWHUFHSW    H
,3F:0    
$FRPPXQLW\    
/FRPPXQLW\    
1FRPPXQLW\    H
/&VSULQJ    
/VXPPHU    H
12VSULQJ    
1VXPPHU    
,3F:0$FRPPXQLW\    
,3F:0/FRPPXQLW\    H
,3F:01FRPPXQLW\    
,3F:0/&VSULQJ    H
,3F:0/VXPPHU    
,3F:012VSULQJ    

















0LQ 4 0HGLDQ 4 0D[
    

7DEOH&RHIILFLHQWVRI*/0IRUPXOD¨>1+@ ,3F:075($70(17,3F:075($70(17
 (VWLPDWH 6WG(UURU WYDOXH 3U!_W_
,QWHUFHSW    
,3F:0    H
$(VXPPHU    
$FRPPXQLW\    
/FRPPXQLW\    
1FRPPXQLW\    
/&VSULQJ    
/VXPPHU    
12VSULQJ    
1VXPPHU    
,3F:0$(VXPPHU    
,3F:0$FRPPXQLW\    
,3F:0/FRPPXQLW\    
,3F:01FRPPXQLW\    
,3F:0/&VSULQJ    
,3F:0/VXPPHU    
,3F:012VSULQJ    





Number of Fisher Scoring iterations:









0LQ 4 0HGLDQ 4 0D[
    

7DEOH&RHIILFLHQWVRI*/0IRUPXOD¨>6L2@ ,3F:075($70(17,3F:075($70(17
 (VWLPDWH 6WG(UURU WYDOXH 3U!_W_
,QWHUFHSW    
,3F:0    H
$(VXPPHU    
$FRPPXQLW\    
/FRPPXQLW\    
1FRPPXQLW\    
/&VSULQJ    
/VXPPHU    
12VSULQJ    
1VXPPHU    
,3F:0$(VXPPHU    
,3F:0$FRPPXQLW\    
,3F:0/FRPPXQLW\    
,3F:01FRPPXQLW\    
,3F:0/&VSULQJ    
,3F:0/VXPPHU    
,3F:012VSULQJ    
















    %UHPHQ
    'HXWVFKODQG

















        $OH[D:UHGH0VF
